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Dear Sir: 

This is an Interview Summary of the telephonic Examiner Interview granted Applicants' 
representatives by Examiners Emch and Kemmerer on 18 June 2007 and a Supplemental 
Response to the final Office Action mailed 7 February 2007. The instant paper is filed in view 
of the telephonic Examiner Interview of 18 June 2007 and the Advisory Action mailed 2 May 
2007. A Response to Final Office Action in the above-captioned application was filed 6 April 
2007. 

As requested by the Examiner, the instant paper is filed as a supplement to the Response 
to Final Office Action filed 6 April 2007. No extensions of time should be required. However, 
if the Commissioner determines that an extension of time is required, Applicants hereby petition 
for such extension and hereby authorize the Commissioner to charge the payment of any required 
fees, including any extension fee, to Kenyon & Kenyon LLP Deposit Account No. 11-0600. 
Applicants submit the following Remarks and attach three journal articles in support of 
Applicants' Remarks. Applicants respectfully submit the Remarks and attachments demonstrate 
the application is in condition for allowance. 

Remarks/Arguments begin on page 2 of this paper. 
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REMARKS 

Claims 13, 15 and 24-27 are pending. Claims 1-12, 14, 16-23 and 28-31 are canceled. 
No claims are herein amended. 

In the Advisory Action mailed 2 May 2007, the Examiner has entered Applicants' claim 
amendments filed 6 April 2007 and has found claims 15 and 24-27 allowable. Applicants 
express their gratitude. The provisional rejection of claim 13 for obviousness-type double 
patenting has been maintained over withdrawn claim 6 in co-pending U.S. Appln. Ser. No. 
09/854,568. The rejection of claim 13 has also been maintained for obviousness-type double 
patenting over U.S. Patent Nos. 4,298,590 and 4,486,538, based on inherency, and for 
anticipation over U.S. Patent No. 4,486,538, also based on inherency. 

Claim 13 is directed to a purified monoclonal antibody that specifically recognizes a 
peptide consisting of the amino acid sequence of SEQ ID NO: 2. SEQ ID NO: 2 is an epitope of 
the malignin oncoprotein. The Examiner rejects claim 13 because "at least some of the 
monoclonal antibodies specific to malignin in the prior art have the inherent property of 
specifically binding to a peptide of SEQ ID NO: 2, as instantly claimed." Advisory Action 2 
May 2007 at 2. Applicants respectfully traverse, and request the Examiner withdraw the 
presently-pending rejection of claim 13. 

I. Interview Summary 

Applicants thank Examiner Emch and Examiner Kemmerer for the fruitful discussion 
provided during the telephonic Examiner Interview of 18 June 2007. Participants in the 
Examiner Interview were Examiner Emch and Examiner Kemmerer and Applicants' 
representatives, Richard Ward of Kenyon & Kenyon LLP and Daren Nicholson of Replikins 
LLC. The interview summary mailed by the USPTO on June 21, 2007 was received by 
Applicants; this submission is intended to be responsive to that interview summary. 

During the interview, the patentability of claim 13 in the above-captioned application was 
discussed in view of claim 6 of U.S. Appln. Ser. No. 09/854,568, claims 12-14 of U.S. Patent 
No. 4,298,590, claims 7-11, 20 and 21 of U.S. Patent No. 4,486,538 and the full disclosure of 
U.S. Patent No. 4,486,538. Applicants indicated that withdrawn claim 6 in U.S. Appln. Ser. No. 
09/854,568 would be canceled, thereby obviating the pending provisional rejection of claim 13 
for obviousness-type double patenting. Applicants additionally urged that claim 13 should not 
be rejected for obviousness-type double patenting over the asserted claims of U.S. Patent Nos. 
4,298,590 and 4,486,538, and should not be rejected under 35 U.S.C. § 102(b) over the 
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disclosure of U.S. Patent No. 4,486,538. Applicants reasoned that the antibody of claim 13 or 
allegedly-obvious variants of the antibody of claim 13 are not inherently disclosed or claimed in 
the asserted patents. No claim amendments were discussed and no exhibits were presented. 

During the Examiner Interview, Applicants provided and discussed three journal articles 
in support of their assertion that inoculation of an animal with an antigenic protein likely would 
not produce antibodies to all epitopes on the antigenic protein: (1) Geysen et al. 9 Use of peptide 
synthesis to probe viral antigens for epitopes to a resolution of a single amino acid, PNAS USA, 
Vol. 81, pp. 3998-4002, July 1984 Biochemistry; (2) Earl et ah, Native Oligomeric Human 
Immunodeficiency Virus Type 1 Envelope Glycoprotein Elicits Diverse Monoclonal Antibody 
Reactivities, J. Virology, May 1994, p. 3015-3026; and (3) Ditzel et al. 9 Mapping the Protein 
Surface of Human Immunodeficiency Virus Type 1 gpl20 using Human Monoclonal Antibodies 
from Phage Display Libraries, J. Mol. Biol. (1997) Vol. 267, pp. 684-695. These three articles 
have been highlighted for the Examiner's convenience, and are attached as Exhibits 1-3 
respectively. 

Examiner Emch and Examiner Kemmerer requested Applicants submit a Supplemental 
Response after Final Office Action in support of Applicants' argument that one of skill in the art 
would understand that antibodies to all epitopes of a protein are not necessarily produced by 
inoculation of an animal with an antigenic protein. The Examiners further requested Applicants 
formally submit the three discussed journal articles in a Supplemental Response after Final 
Office Action. 

II. The Rejection of Claim 13 over Application No. 09/854,568 Is Moot and Applicants 
Respectfully Request the Rejection Be Withdrawn 

Applicants herewith attach as Exhibit 4, a courtesy copy of a Supplemental Amendment 
filed 26 June 2007 in co-pending U.S. Appln. Ser. No. 09/854,568. This Supplemental 
Amendment cancels claim 6 of U.S. Appln. Ser. No. 09/854,568, thereby mooting the 
provisional double patenting rejection of instant claim 13 made in view of now-canceled claim 6. 
Withdrawal of this ground of rejection is respectfully requested. 

III. Applicants Respectfully Request the Rejection of Claim 13 Over U.S. Patent Nos. 
4,298,590 and 4,486,538 be Withdrawn 

Applicants respectfully submit that the asserted claims of U.S. Patent Nos. 4,298,590 and 
4,486,538 do not render claim 13 of the above-captioned application unpatentable for 
anticipation and/or obviousness-type double patenting. Claim 13, as entered for purposes of 
appeal, reads: 
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Claim 13. A purified monoclonal antibody which specifically 
recognizes a peptide consisting of the amino acid sequence of SEQ 
ID NO: 2. 

In the Advisory Action mailed 2 May 2007, the Office indicated 'Tor purposes of appeal, 

the proposed amendment(s) . . . will be entered and an explanation of how the new or 

amended claims would be rejected is provided below or appended." For explanation, the 

Office, in relevant part, stated: 

In addition, the obvious -type double patenting rejections of claim 
13 over US Patent No.'s 4,298,590 and 4,486,538 and the rejection 
of claim 13 under 35 U.S. C. 102(b) as being anticipated by US 
Patent No. 4,486,538 are maintained for reasons of record. It is 
irrelevant that the antigenic epitopes were not known, these are 
inherent to the malignin protien [sic]. Thus, at least some of the 
monoclonal antibodies specific to malignin in the prior art have the 
inherent property of specifically binding to a peptide of SEQ ID 
NO: 2 as instantly claimed. 

A. Applicants submit the "reasons of record" should not apply to claim 13 as now 
entered 

Claim 13 as originally presented claimed: "A purified monoclonal antibody which 
specifically recognizes a peptide having the amino acid sequence of SEQ ID NO. 2." This claim 
was originally rejected by the Office in an Office Action mailed 22 August 2006. Claim 13, for 
purposes of appeal, however, claims: "A purified monoclonal antibody which specifically 
recognizes a peptide consisting of the amino acid sequence of SEQ ID NO: 2 ." (emphasis 
added). The limitation "having the amino acid sequence of SEQ ID NO: 2" is different in scope 
from the limitation " consisting of the amino acid sequence of SEQ ID NO: 2." As such, 
Applicants submit the "reasons of record" should no longer apply. As such, withdrawal of the 
rejection of claim 13 based on "the reasons of record" is respectfully requested. 

B. To establish inherency, the extrinsic evidence must make clear that the allegedly 
inherent subject matter is necessarily present, and that it would be recognized 
by persons of ordinary skill 

Applicants respectfully submit the current rejections of claim 13 in the above-captioned 

application for obviousness-type double patenting over the asserted claims of U.S. Patent Nos. 

4,298,590 and 4,486,538 and for anticipation over U.S. Patent No. 4,486,538 do not have prima 

facie support. One of skill in the art would not expect an antibody that specifically recognizes 

SEQ ID NO: 2 (such as in claim 13) to be inherently taught by the cited patents because 

antibodies to all epitopes on an antigenic protein are not necessarily produced by an animal 
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inoculated with that antigenic protein. Applicants respectfully further submit that the antibody of 
claim 13 is a species of the genus of anti-malignin antibodies disclosed in the cited patents that is 
not inherently present in the cited patents. 

"The fact that a certain result . . . may occur or be present in the prior art is not sufficient 
to establish the inherency of that result . . . ." MPEP § 21 12(IV) (emphasis in original). "To 
establish inherency, the extrinsic evidence must make clear that the missing descriptive matter is 
necessarily present in the thing described in the reference, and that it would be so recognized by 
persons of ordinary skill." Id. (emphasis added). "Inherency . . . may not be established by 
probabilities or possibilities. The mere fact that a certain thing may result from a given set of 
circumstances is not sufficient." Id. (emphasis added). 

Furthermore, "an invitation to investigate is not an inherent disclosure where a prior art 
reference discloses no more than a broad genus of potential applications of its discoveries." Id. 
"A prior art reference that discloses a genus still does not inherently disclose all species within 
that broad category but must be examined to see if a disclosure of the claimed species has been 
made or whether the prior art reference merely invites further experimentation to find the 
species." Id. quoting and explaining Metabolite Labs., Inc. v. Lab. Corp. of Am. Holdings, 370 
F.3d 1354, 1367 (Fed. Cir. 2004). 

Applicants respectfully submit that one of skill in the art would not expect an antibody 
that specifically recognizes SEQ ID NO: 2 necessarily to have been produced by inoculation of 
an animal with the antigenic oncoprotein malignin as described in the cited patents because one 
of skill in the art would not expect antibodies to all epitopes of the malignin to have been 
produced in the inoculated animals (absent further manipulation and experimentation that would 
destroy inherency). Applicants present Geysen et al (Exhibit 1), Earl et al. (Exhibit 2) and 
Ditzel et al (Exhibit 3) in support of the understanding of one of skill in the art and discuss this 
understanding in Section V below. 

C. The Office has not presented extrinsic evidence that the limitations of claim 13, 
or allegedly-obvious variants thereof, are "necessarily present" in the cited 
references 

In the Advisory Action of 2 May 2007, the Office did not identify extrinsic evidence that 
makes it clear that the recited limitations of claim 13 are necessarily present in claimed 
embodiments of U.S. Patent Nos. 4,298,590 and 4,486,538, or in allegedly-obvious variants of 
claimed embodiments. See MPEP § 21 12(IV). Applicants further submit that such evidence is 
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also not present in any prior office action. Accordingly, Applicants respectfully request that the 
rejection of claim 13 be withdrawn. 

D. The Office has not presented evidence a person of ordinary skill would recognize 
the allegedly-inherent subject matter as necessarily present in the cited art 

The Office has additionally not identified evidence that the limitations recited in claim 13 

would be recognized as inherently disclosed in the cited art by a person having ordinary skill in 

the art. See id. Applicants further submit such evidence is also not present in prior office 

actions." For this additional reason, Applicants respectfully request that the rejection of claim 13 

be withdrawn. 

VI. Claim 13 Should Be Allowed 

It is respectfully submitted that all grounds of rejection of claim 13 have been overcome 
and that claim 13 should be allowed. Applicants respectfully submit evidence supporting the 
patentability of claim 13 in Section V below. 

V. Inoculation with Malignin Does Not Provide Inherent Production of an Antibody 
that Specifically Recognizes SEQ ID NO: 2 

Applicants respectfully submit that one of skill in the art would not expect an antibody 
that specifically recognizes SEQ ID NO: 2 to have been necessarily produced by inoculation of 
an animal with the antigenic oncoprotein malignin because one of skill in the art would not 
expect antibodies to all epitopes of an antigenic protein to be produced by the inoculated animal. 
Applicants formally submit Geysen et al, Earl et al. and Ditzel et al. in support of Applicants' 
reasoning. These journal articles demonstrate that production of antibodies to all epitopes on an 
antigenic protein is unlikely when an animal is inoculated with the entire protein. In fact, 
numerous inoculations and extensive manipulation of a protein is necessary to induce production 
of antibodies to many epitopes on antigenic proteins. 

A. Geysen et al - antibodies to all epitopes not necessarily produced 

Applicants submit Geysen et al. (attached as Exhibit 1) for the proposition that "different 
animals do not necessarily respond to all of the epitopes on a given antigen." Geysen at 4001, 
left column (emphasis added). In Geysen, six different rabbits were inoculated with the whole 
virus or various particles of the whole virus of Foot and Mouth Disease Virus type Oi. The 
inoculations included a whole VP1 protein, the protein on which the investigators hoped to 
identify all epitopes. Six ELISA scans of the hexapeptides of the 213 amino acid VP1 protein 
were performed using the six different antisera. See Geysen at 3999, right column, Figure 2. 
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In Figure 2, epitopes on the VP1 protein are illustrated by recording amino acid positions 
where antibodies from the various antisera bound to the hexapeptides of the protein. A review of 
Figure 2 reveals that no antisera contained antibodies to all recorded epitopes on the 213 amino 
acid protein sequence. 

In fact, different rabbits produced sera to very different epitopes even when inoculated 
with the same particle. Scans 1 and 2 illustrate the antibody binding of antisera from two 
different rabbits inoculated with the same whole virus particle. The authors found the data in 
Figure 2 demonstrate antibody production in different rabbits inconsistent with regard to the 
particular epitopes on the protein. The authors wrote: 

The two anti-intact virus sera tested, scans 1 and 2, show the 
extremes in the reactivity patterns found. Large quantitative 
differences in [] individual animal responses to an identical antigen 
preparation have been reported before, but these scans highlight 
the variability possible in the antibody composition between sera. 

Id. at 3999, right column. Geysen et al, therefore, stands for the proposition that one of skill in 
the art would not expect individual animals inoculated with the same protein to produce 
antibodies to all, or even similar, epitopes on the protein. As the authors assert: "[Different 
animals do not necessarily respond to all of the epitopes on a given antigen." Geysen at 4001, 
left column (emphasis added). As such, one of skill in the art would not expect the anti-malignin 
antibodies disclosed in the patents cited against claim 13 in the above-captioned application to 
produce antibody that specifically recognizes the epitope of SEQ ID NO: 2, as required by claim 
13. 

B. Earl et ah - antibodies to linear epitope like SEQ ID NO: 2 not necessarily 
produced 

Applicants submit Earl et al. (attached as Exhibit 2) for the proposition that linear 
epitopes, such as SEQ ID NO: 2 of malignin, are not necessarily recognized by antibodies 
induced to an antigenic protein like malignin. In Earl, a very large number of monoclonal 
antibodies were raised to both the quaternary and monomeric structure of HIV- 1 envelope 
glycoprotein. The monoclonal antibodies exhibited extensive variability in affinity for particular 
epitopes, especially linear epitopes. For example, in monoclonal antibodies raised in seven 
different animals against the quaternary structure of the protein, less than 7% of the antibodies 
recognized linear epitopes in the important V3 loop of the protein. Earl at 3015, Abstract. 
Further, in monoclonal antibodies raised against the monomeric protein, less than half of the 
antibodies recognized linear epitopes in the V3 loop. Id. The authors found that monoclonal 
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antibodies were more likely to recognize conformational epitopes than linear epitopes. Id. at 
3016, left column (noting linear epitopes in the C-terminal portion of gpl20 were not obtained 
and relatively few antibodies were obtained against linear epitopes in the V3 loop). As such, one 
of skill in the art would not expect inoculation of an animal with antigenic malignin to 
necessarily result in production of an antibody that specifically recognizes the linear epitope of 
SEQ ID NO: 2. 

C. Ditzel et ah - producing antibodies to range of epitopes requires extensive 
selection strategies 

Applicants submit Ditzel et al. (attached as Exhibit 3) for the proposition that producing 
antibodies to a range of epitopes on a protein requires "a huge body of work in the generation of 
antibodies alone" and "a number of different selection strategies." Ditzel at 685, left and right 
columns. In Ditzel, mapping epitopes on the protein surface of HIV- 1 gpl20 with a phage 
display library "required the input of antibodies from many laboratories and represented] a huge 
body of work in the generation of the antibodies alone." Id. at 685, left column. The mapping 
process required generating antibodies to quaternary and monomeric versions of the protein, to 
individually- and multiply-masked proteins, to linear peptides corresponding to small segments 
of the protein and to a constrained peptide corresponding to the crown of the important V3 loop. 
Id. at 685, left column. In one example, a 24 amino acid residue of the V3 loop was used to 
select for an antibody to the V3 loop. Id. 

The authors concluded that to "obtain antibodies to a range of epitopes[,] may require 
more than simple selection of the library against the antigen of interest." Id. at 691, left column. 
Instead, the authors described a set of "selection procedures leading to the isolation of an 
extended set of specificities to a single antigen." Id. As such, one of skill in the art would not 
understand the disclosure of U.S. Patent Nos. 4,298,590 and 4,486,538 to necessarily present an 
antibody that specifically recognizes SEQ ID NO: 2. MPEP § 21 12(IV). In fact, one of skill in 
the art would understand that the cited references disclose "a broad genus of potential 
applications" of anti-malignin antibody that "does not disclose[] the claimed species" of claim 13 
and, at best, "merely invites further experimentation to find the [claimed] species." Id. One of 
skill in the art would further understand that such experimentation to find the claimed species 
would require "more than simple selection" of antibodies using a phage display library and 
perhaps "a huge body of work in the generation of antibodies alone" along with "a number of 
different selection strategies." Ditzel at 685, left column. As a result, one of skill in the art 
would recognize that the antibody of claim 13 in the above-captioned application is not 
inherently disclosed in U.S. Patent No. 4,298,590 or in U.S. Patent No. 4,486,538. 
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CONCLUSION 

It is believed that the present claims are in condition for allowance and Applicants 
earnestly request the same. It is not believed that an extension of time is required for this 
submission; however, if the USPTO disagrees, extensions of time are hereby petitioned under 37 
C.F.R. § 1.136(a) and any fees required therefor are hereby authorized to be charged to Kenyon 
& Kenyon LLP Deposit Account No. 1 1-0600. 

The Examiner is invited to contact the undersigned attorney if necessary to expedite 
allowance. An early and favorable action on the merits is earnestly solicited. 

Respectfully submitted, 

KENYON & KENYON LLP 

Dated: June 26, 2007 /Richard W. Ward/ 

Richard W. Ward 
Reg. No. 52,343 

1500 K Street, N.W. 
Washington, DC 20005 
Telephone: 202/220-4200 
Facsimile: 202/220-4201 
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Proc. Natl. Acad. Sci. USA 
Vol. 81, pp. 3998-4002, July 1984 
Biochemistry 

Use of peptide synthesis to probe viral antigens for epitopes to a 
resolution of a single amino acid 

(antigenic determinant/foot-and-mouth disease virus) 

H. Mario Geysen*, Rob H. Meloen*, and Simon J. Barteling* 

♦Commonwealth Serum Laboratories, 45 Poplar Road, Parkville, Melbourne, Australia 3052; and tCentral Veterinary Institute, 39 Houtribweg, Lelystad, 
The Netherlands 



Communicated by G. 7. V. Nossal, March 12, 1984 

ABSTRACT A procedure is described for rapid concur- 
rent synthesis on solid supports of hundreds of peptides, of 
sufficient purity to react in an enzyme-linked immunosorbent 
assay. Interaction of synthesized peptides with antibodies is 
then easily detected without removing them from the support. 
In this manner an immunogenic epitope of the immunological- 
ly important coat protein of foot-and-mouth disease virus 
(type Oi) is located with a resolution of seven amino acids, 
corresponding to amino acids 146-152 of that protein. Then, a 
complete replacement set of peptides in which all 20 amino 
acids were substituted in turn at every position within the epi- 
tope was synthesized, and the particular amino acids confer- 
ring specificity for the reaction with antibody were deter- 
mined. It was found that the leucine residues at positions 148 
and 151 were essential for reaction with antisera raised against 
intact virus. A lesser contribution was derived from the gluta- 
mine and alanine residues at positions 149 and 152, respective- 
ly. Aside from the practical significance for locating and exam- 
ining epitopes at high resolution, these findings may lead to 
better understanding of the basis of antigen-antibody interac- 
tion and antibody specificity. 



Recombinant DNA technology now makes possible by de- 
duction from the determined nucleotide sequences reliable 
amino acid sequences of biologically important proteins. 
However, methods for identifying the loci in a protein that 
constitute the antigenic and immunogenic epitopes are few 
and time consuming and form the bottleneck to further rapid 
progress. Immunogenic epitopes are defined as those parts 
of a protein that elicit the antibody response when the whole 
protein is the immunogen. These immunogenic epitopes are 
believed to be confined to a few loci on the molecule (1-3). 
On the other hand, a region of a protein molecule to which an 
antibody can bind is defined as an antigenic epitope. Antise- 
ra prepared against chemically synthesized peptides corre- 
sponding to short linear tracts of the total polypeptide se- 
quence have been shown to react well with the native protein 
(4-9). However, interactions were also found to occur even 
when the site of interaction did not correspond to an immu- 
nogenic epitope of the native protein. This has been inter- 
preted to mean that the number of immunogenic epitopes of 
a protein is less than the number of antigenic epitopes (4). 
Conversely, since antibodies produced against the native 
protein are, by definition, directed to the immunogenic epi- 
topes, it follows that peptides reacting with these antibodies 
must contain elements of the epitopes. From a study of the 
few proteins for which the determinants have been accurate- 
ly mapped, it is postulated that a determinant may consist of 
a single element (continuous) or of more than one element 
brought together from linearly distant regions of the poly- 
peptide chain by the folding of that chain as it exists in the 
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native state (discontinuous) (10). Systematic mapping of all 
the detectable reactive elements of a protein by the chemical 
synthesis of overlapping segments has until now been se- 
verely limited by the scale of the synthetic and testing capa- 
bility required (10, 11). Smith and co-workers (12, 13) cir- 
cumvented the decoupling and purification steps by combin- 
ing solid-phase peptide synthesis and solid-phase radioim- 
munoassay using the same solid support. 

We describe here the concurrent synthesis of all 208 possi- 
ble overlapping hexapeptides covering the total 213-amino 
acid sequence of the immunologically important coat protein 
(VP1) of foot-and-mouth disease virus (FMDV), type Oi 
(Fig. 1). The peptides, still attached to the support used for 
their synthesis, were tested for antigenicity by an ELISA 
using a variety of antisera. After identification of a hexapep- 
tide reactive with antibody raised against the intact virus, all 
120 hexapeptides representing the complete single point ami- 
no acid replacement set were synthesized and tested for re- 
tention of antigenicity. By this method a whole virus epitope 
was examined at a resolution of a single amino acid. 

MATERIALS AND METHODS 

Synthesis of Peptides. Polyethylene rods (diameter, 4 mm; 
length, 40 mm) immersed in a 6% (vol/vol) aqueous solution 
of acrylic acid were y irradiated at a dose of 1 ,000,000 rads (1 
rad = 0.01 gray) (15). Rods so prepared were assembled into 
a polyethylene holder with the format and spacing of a mi- 
crbtiter plate. Subsequent reactions at the tips of the rods 
were carried out in a Teflon tray with a matrix of wells to 
match the rod spacing. Conventional methods of solid-phase 
peptide chemistry (16, 17) were used to couple N"-r-butyl- 
oxycarbonyl-L-lysine methyl ester to the polyethylene/poly- 
acrylic acid via the N e -amino group of the side chain. 
Carboxy substitution of the support was determined by 
treating NH 2 -lysine(OMe)-polyethylene/polyacrylic acid 
with 14 C-labeled butyric acid and was found to be 0.15-0.2 
nmol/mm 2 . Removal of the /-butyloxycarbonyl group was 
followed by the coupling of /-butyloxycarbonyl-L-alanine to 
complete a peptide-like spacer. Successive amino acids were 
added as dictated by the sequence to be synthesized. At the 
completion of the final coupling reaction, and after removal 
of the r-butyloxycarbonyl protecting group, the terminal 
amino group was acetylated with acetic anhydride in dimeth- 
ylformamide/triethylamine. All JV,AT-dicyclohexylcarbodii- 
mide-mediated coupling reactions were carried out in di- 
methylformamide in the presence of Af-hydroxybenzotria- 
zole. The following side-chain protecting groups were used: 
O-benzyl for threonine, serine, aspartic acid, glutamic acid, 
and tyrosine; carbobenzoxy for lysine; tosyl for arginine; 4- 
methylbenzyl for cysteine; and 1-benzyloxycarbonylamido- 
2,2,2-trifluoroethyl for histidine. Side-chain-protecting 
groups were removed by treatment with borontris(trifluor- 



Abbreviations: FMDV, foot-and-mouth disease virus; Pj/NaCl, 
phosphate-buffered saline. 
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1 213 

NH 0 -T-T-S-A-G-E-S-A-D-P-( 201 amino acids )-T-L-COOH 
2| 




OMe 
I 

Ac-NH- ( Hexapeptide ) -A-K-NH— I PPA 



Fig. 1. The 213-amino acid sequence of VP1 (FMDV, type d) 
as translated by Kurz et al. (14) was subdivided into hexapeptide 
units, and each was synthesized on a separate polyethylene support 
in the orientation, and with a dipeptide spacer, as shown. Peptides 
are numbered according to the position of the NH-terminal amino 
acid within the VP1 sequence. PPA, polyethylene/polyacrylic acid. 

acetate) in trifluoroacetic acid for 90 min at room tempera- 
ture (18). After hydrolysis with HCl/propionic acid, se- 
quences included in the synthesis as controls were analyzed 
to confirm that, although coupling at each stage had oc- 
curred, it was incomplete for several of the amino acids, no- 
tably arginine. Before testing by ELISA, support-coupled 
peptides were washed several times with phosphate-buff- 
ered saline (Pi/NaCl). 

Antisera. Antisera against the intact virus particle were 
prepared by immunizing rabbits with 50 \i% of inactivated, 
density gradient-purified virus in complete Freund's adju- 
vant. The animals were bled 3-4 weeks after the single in- 
oculation. Anti-virus-subunit serum was prepared by inocu- 
lating rabbits three times, 3-4 weeks apart, with 10 fxg of 
acid-disrupted purified virus, initially in complete Freund's 
and subsequently in incomplete Freund's adjuvant. The 
polypeptide VP1 was separated from the mixture of proteins 
obtained from urea-disrupted purified virus by isoelectric fo- 
cusing (19). It was eluted from the gel with 8 M urea and 
dialyzed against Pj/NaCl, and antiserum was raised in rab- 
bits as described for the virus subunit. Antiserum for scan 3 
(see Fig. 2) was that used for scan 2 after absorption with 
purified virus (1500 /ug of whole virus was incubated with 1 
ml of serum for 72 hr at 4°C), and all virus-bound antibodies 
were removed by centrifugation. 

ELISA. Support-coupled peptides were precoated with 
10% horse serum/10% ovalbumin/1% Tween 80 in Pi/NaCl 
for 1 hr at 37°C to block nonspecific absorption of antibod- 
ies. Overnight incubation at 4°C in a 1:40 dilution of antise- 
rum in the preincubation mixture was followed by three 
washes in 0.05% Tween 80/Pi/NaCl. Reaction for 1 hr at 
37°C with a 1:50,000 dilution of goat anti-rabbit IgG coupled 
to horseradish peroxidase in the preincubation mixture was 
again followed by extensive washing with Pj/NaCl/Tween to 
remove excess conjugate. The presence of antibody was de- 
tected by reaction for 45 min with a freshly prepared devel- 
oping solution (40 mg of ophenylenediamine and 20 fx\ of 
hydrogen peroxide in 100 ml of phosphate buffer, pH 5.0), 
and the color produced was read in a Titertek Multiskan 
(Flow Laboratories, Melbourne, Australia) at 420 nm. Prior 
to retesting, bound antibody was removed from the peptides 
by washing peptides three times at 37°C in 8 M urea/0.1% 2- 
mercaptoethanol/0.1% sodium dodecyl sulfate and then sev- 
eral times with Pi/NaCl . 

RESULTS 

Identification of a Virus Particle-Associated Immunogenic 
Epitope. All 208 possible hexapeptides from the amino acid 



sequence of the VP1 protein of FMDV type 0 T were synthe- 
sized in duplicate. The amino acid sequence had been de- 
duced from the nucleotide sequence of the VP1 gene (14). 
The results obtained for all the synthesized hexapeptides 
when tested by ELISA with six different antisera are shown 
in Fig. 2. Antisera used in the test were as follows: two dif- 
ferent anti-(intact virus, type Oi), a virus-absorbed anti-(in- 
tact virus, type Oi), an antivirus subunit, type Oi), an anti- 
(isolated virus protein VP1, type Oi), and, as a control, an 
anti-(intact virus, type C 3 ). The two anti-intact virus sera 
tested, scans 1 and 2, show the extremes in the reactivity 
patterns found. Large quantitative differences in the individ- 
ual animal responses to an identical antigen preparation have 
been reported before, but these scans highlight the variabili- 
ty possible in the antibody composition between sera. Ex- 
amination of scans 1,2, and 3 shows that antibodies reactive 
with hexapeptide numbers 146 and 147 are present in anti- 
intact particle sera (scans 1 and 2) but completely absent af- 
ter absorption of the sera with purified virus (scan 3). Pre- 
sumably, scan 3 registers those antibodies raised against epi- 
topes expressed in denatured virions that are not present on 
the surface of the intact virion. Activities to hexapeptides 
146 and 147 were not observed in the anti-subunit serum 
(scan 4) and were only weakly present in the anti-VPl serum 
(scan 5). That some activity was found in the anti-VPl serum 
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Fig. 2. Antigenic profiles (scans). Results are shown as vertical 
lines proportional to the extinction obtained in the antibody-binding 
ELISA test, plotted above the number giving the location within the 
VP1 sequence of the NH 2 -terminal amino acid of each peptide. Anti- 
sera used to produce the scans shown were as follows: 1 and 2, two 
different anti-whole virus particle, type d; 3, anti-whole virus parti- 
cle (as used in 2) after absorption with purified intact virus; 4, anti- 
virus subunit, type Oi; 5, anti-VPl, type 6, anti-whole virus par- 
ticle, type C 3 . It should be noted that, because the sequence of VP1 
contains 20 alanine residues, 20 of the peptides synthesized match 
for seven amino acids. However, the frequency of reactive peptides 
from this group was not significantly different from the overall fre- 
quency (0.2 compared with 0.16) and therefore not considered fur- 
ther. 
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possibly accounts for the immunizing capacity, albeit weak, 
of the isolated protein (20). It should be noted however that 
another anti-VPl serum tested, while retaining a strong ac- 
tivity at position 148, showed no activity at positions 146 and 
147. Comparison of scan 3 with scan 2 (absorbed compared 
with nonabsorbed) shows that, in addition to the loss of ac- 
tivity to peptides 146 and 147, some reduction in activity to 
peptides 5, 6, and 206 also occurred. Of these, activity to 5 
and 6 was not found in all the anti-intact virus sera tested, 
but activity to 206 was invariably present. From this we con- 
clude that of the peptides found to be reactive, the pair at 146 
(G-D-L-Q-V-L) and 147 (D-L-Q-V-L-A) [in this paper, ami- 
no acids are identified by the single-letter code (21)] consti- 
tute or are part of the principal immunogenic epitope, with 
the element at 206 (V-A-P-V-K-P) contributing to a lesser 
epitope. This is consistent with the observations of others (5, 
22). Scan 6 shows the absence of reactivity in an antiserum 
produced against a different serotype of the virus. 

Extending the Resolution of the Epitope at Peptides 146/147 
to a Single Amino Acid. From the preceding data, we were 
unable to distinguish between two possibilities: (0 the epi- 
tope is contained in the five amino acids common to peptides 
146 and 147 — i.e., D-L-Q-V-L — or (if) the epitope is repre- 
sented by the "sum" of the two hexapeptides — i.e., G-D-L- 
Q-V-L-A. To extend the resolution, all 120 possible hexa- 
peptides differing from peptide 146 (G-D-L-Q-V-L) by only a 
single amino acid were synthesized. Each of the other 19 
common amino acids was substituted in each of the six ami- 
no acid positions within the peptide. Positions at which all or 
at least the majority of substitutions result in a loss of anti- 
body-binding activity indicate those residues that are impor- 
tant for the specificity and binding to antibody. The ELISA 
activity obtained for each of the 120 peptides when serum 48 
(anti-intact virus particle) was used in the test are shown in 
Fig. 3. The relative activities (with respect to the parent se- 
quence) determined for each peptide for two different anti- 
intact virus sera, nos. 31 and 48, are given in Table 1. To 
determine the contribution of the alanine residue (carboxyl 
terminus of peptide 147) toward reactivity and/or specific- 
ity, a further 20 peptides were synthesized. Each of these 
peptides consisted of the complete sequence of 146 (G-D-L- 
Q-V-L) with one of the 19 possible amino acids added to the 
carboxyl terminus and synthesized as described before. 
When serum 31 was used in the test, activity was retained for 
seven of the amino acids. Relative values expressed in the 
same way as given in Table 1 were as follows: A (parent 
amino acid), 99; D, 55; E, 36; G, 45; N, 95; Q, 98; S, 44. With 
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Fig. 3. Antibody-binding activity. The result for each peptide is 
shown as a vertical line proportional to the ELISA extinction ob- 
tained. Every group of 20 lines corresponds to the complete replace- 
ment set for one of the six amino acid positions in the hexapeptide 
G-D-L-Q-V-L. Within each group of 20 lines, the left-hand line cor- 
responds to the substitution of the original residue by alanine (A), 
and the successive lines are then in alphabetic order according to the 
single letter code for the amino acids. 

serum 48, activity was retained for four amino acids: A (par- 
ent amino acid), 94; G, 30; S, 47; T, 39. 

DISCUSSION 

Interpretation of Data. In choosing to adopt the procedure 
for peptide synthesis as described, we made several assump- 
tions. 

1. To detect antibodies, the quantity of peptide of a de- 
fined sequence need only be in the pmol range (5). Assuming 
a worst-case overall yield of 1% for an eight-step synthesis 
(two linking and six sequence amino acids), an initial level of 
1 nmol of reactive group per support would satisfy the above 
condition. 

2. High purity for the peptide used in the detection of anti- 
bodies is not a necessary condition. The majority of serologi- 
cal tests rely on the specificity of antibodies to detect a given 
antigen in the presence of large amounts of irrelevant pro- 
tein. 

3. Except for cases in which either all or none of the pep- 
tides react, a large number of the peptides would effectively 
act as negative controls in the test. With adjacent peptides 
sharing a common sequence of five amino acids, the obser- 
vation of peaks above a generally uniform background level 
would indicate a valid test. 

4. Many of the antibodies elicited by immunization with 
an intact virus result from presentation of epitopes in fully or 
partially denatured form. Such antibodies may bind to syn- 
thetic peptides in vitro but not to the virion itself. They are 
therefore assumed to be less relevant to virus neutralization 



Table 1. Relati ve antibody-binding activities of peptides derived from the parent sequence G-D-L-Q-V-L 
D Activity when substituted with amino acid 
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Antibody-binding activities are shown for all peptides that gave an extinction significantly above background. Values for each peptide are 
expressed as a percentage of the mean activity of the six parent sequences synthesized as a part of each replacement set. Values given boldface 
type correspond to those obtained for the parent sequence. No activity was detected when the antiserum used was prepared against the 
heterologous FMDV type. 
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than are antibodies that bind to virions as well as to peptides. 

The extinction obtained in an ELISA for a given peptide 
depends on the concentration of the antibody population 
with the correct specificity for reaction. It is essentially inde- 
pendent of the peptide density expressed as reacting groups 
per mm 2 of support (unpublished data). The difference in the 
extinction obtained with peptides synthesized with densities 
varying over two orders of magnitude is similar to the 10- 
30% variation observed between replicate synthesis (unpub- 
lished data). The extinction may also be expected to depend 
greatly on the affinity between peptide and reacting anti- 
body, but this remains to be verified, although the overnight 
reaction would tend to minimize differences. Antigenic pro- 
files of the FMDV VP1 (Fig. 2) were interpreted to define an 
antigenic peptide as one giving an ELISA extinction signifi- 
cantly above the background level of the test. On the other 
hand, in the testing of replacement nets (Fig. 3), the concen- 
tration of the reactive antibody population is constant and 
effectively of one specificity. Therefore, the extinctions ob- 
served are interpreted to reflect the mean affinity of the re- 



acting antibody population 


for the peptide. 















ment, and letters in lightface type indicate a contributing 
amino acid. 

These findings suggest a different interpretation of the 
characteristics of epitopes. The antigenic specificity of the 
epitope represented by amino acids 146-152 within the VP1 
protein of FMDV is largely dependent on the leucine resi- 
dues at positions 148 and 151. These are hydrophobic resi- 
dues and would not normally be expected to protrude from 
the protein surface. This suggests the possibility that the im- 
mune system responds to a local protein conformation that is 
different from that expected to represent the global energy 
minimum. The energy for antigen-antibody binding may be 
derived from the positive entropy term associated with the 
transfer of hydrophobic residues from a hydrophilic (aque- 
ous) environment to within the antibody-combining site. 

Scope of the Described Approach to Epitope Mapping. Al- 
though our results have been presented for a single protein 
only, the agreement with results of others in locating a viral 
epitope within the region encompassing amino acids 141-160 
of VP1 is excellent (5, 22). The further resolution obtained 
by Rowlands et al. (25) from the comparison of the se- 
quences of the VPls of three antigenic variants of a single 
virus type (An) showed that amino acid substitution at posi- 
tions 148 and/or 153 would affect the ability to react with 
specific antibody. This result is in good agreement with our 
results for subtype Oi, where positions 148 and 151 were 
critical to the immunogenicity of the epitope. We expect that 
the systematic approach as outlined, when applied to a 
broader spectrum of proteins, will contribute greatly to our 
understanding of the nature of epitopes and their interaction 
with the immune system. 

We thank Mr. Jan Briaire for his enthusiastic and skilled technical 
assistance with the synthesis of the peptides, Mr. Jan Meyer for 
assistance with the ELISA, and Dr. Dick Voskamp of the Technical 
University, Delft, for valuable advice on aspects of the peptide 
chemistry. This work is the result of a collaborative project between 
the Commonwealth Serum laboratories and the Central Veterinary 
Institute and was conducted at the latter institute. 



An Immunogenic Epitope at High Resolution. Antibodies 
raised against a particular immunogenic epitope will have a 
combining site (paratope) complementary to the structure of 
that epitope. An antibody population directed to the same 
epitope (allowing for variation in the expression of antibod- 
ies by the immune reponse) will have common features in the 
combining sites essential for binding to that epitope. A pep- 
tide that, in one of its many conformations in thermal equi- 
librium in vitro, has a structure sufficiently similar to the 
form of the epitope against which antibody was raised in vivo 
will bind to the antibody. Modification of a reacting peptide 
by amino acid substitution will define the limits for interac- 
tion with antibody. By so "mapping" the antibody-combin- 
ing site, it is possible to infer properties of the antigen to 
which this antibody population is complementary. Using 
polyclonal antisera, it was not expected that a rigorous re- 
quirement for particular amino acids in particular positions 
would be observed. It is clear that, whatever the diversity of 
the antibodies involved in the interaction, the requirement 
for a given amino acid in certain positions is absolute for 
most or all of the antibodies present. It is also clear that the 
specificity range found for the two different antisera is re- 
markably similar, differing mainly in the hierarchy of prefer- 
ence for amino acids at the nonessential position. As judged 
from the limitation to replacements at some position within 
the sequence G-D-L-Q-V-L-A, the whole-virus epitope may 
be considered to be X-X-L-Q-X-L-A, where X is nonessen- 
tial, letters in boldface type indicate an absolute require- 
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We synthesized and purified a recombinant human immunodeficiency virus type 1 (HIV-1) envelope (Env) 
glycoprotein, lacking the gpl20/gp41 cleavage site as well as the transmembrane domain, that is secreted 
principally as a stable oligomer. Mice were immunized with separated monomelic and oligomeric HIV-1 Env 
glycoproteins to analyze the repertoire of antibody responses to the tertiary and quaternary structure of the 
protein. 



The human immunodeficiency virus type 1 (HIV-1) enve- 
lope (Env) glycoprotein is a structurally and functionally 
complex integral membrane protein that plays a number of 
important roles in virus infection. In addition, it is a target of 
humoral and cell-mediated immune responses (48, 57, 71). Env 
is synthesized as a polyprotein precursor, gpl60, which is 
cleaved during transport into gpl20 and gp41 subunits (1, 80, 
83). The external gpl20 subunit is noncovalently associated 
with gp41 and is responsible for binding virus to CD4 mole- 
cules which serve as the cellular receptor (12, 42). The gp41 
subunit is anchored in the membrane by virtue of a hydropho- 
bic transmembrane domain (23, 29). Following specific recep- 
tor binding, the Env glycoprotein presumably undergoes a 
conformational change and initiates fusion between the viral 
envelope and the target cell through the action of the fusion 
domain of the gp41 molecule (4, 44). 

Prior to cleavage, gpl60 molecules assemble into nonco- 
valently associated dimers and a higher-order structure, most 
likely consisting of a dimer of dimers (14, 66, 73). The 
ectodomain of gp41 is largely responsible for subunit assembly 
(14, 19, 78). Oligomerization of the Env glycoprotein has 
several consequences. First, it is required for transport from 
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the endoplasmic reticulum; mutants that fail to oligomerize are 
retained and degraded (84). Second, multimeric CD4 binding 
by Env oligomers may facilitate viral entry (15, 49, 54). Third, 
as for some other viral proteins (82), Env quaternary structure 
may have important antigenic implications (6, 66, 68, 76). 

There are several reasons to suspect that the oligomeric 
nature of Env may influence its antigenic structure. Multimeric 
proteins typically interact over large areas, making structural 
differences between oligomeric and monomeric subunits likely 
(39). In the case of HIV-1 Env, nearly the entire gp41 
ectodomain is required for stable subunit association (19). 
Consequently, it is not surprising that some antibodies react 
more strongly with oligomeric than monomeric gp41 (6, 66, 
68). There is also evidence for contacts between adjoining 
gpl20 subunits (19, 62, 81). Antibodies to conformation- 
dependent epitopes in gpl20 are prevalent in the sera of 
infected individuals and account for the majority of the 
neutralizing activity (35, 53, 76). In some instances, a signifi- 
cant amount of this neutralizing activity cannot be accounted 
for by antibodies directed against epitopes in monomeric 
gpl20 (76). Thus, epitopes contingent upon Env quaternary 
structure to which neutralizing antibodies are directed may 
exist not only in gp41 but in gpl20 as well. 

In this report, we describe the production and purification of 
secreted oligomeric HIV-1 Env protein. Mice were immunized 
with monomeric, dimeric, or tetrameric HIV-1 Env glycopro- 
tein isolated under nondenaturing conditions to study the 
effects of Env quaternary structure on the repertoire of 
antibodies elicited by each form of the protein. Furthermore, 
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screening of monoclonal antibodies (MAbs) was performed by 
immunoprecipita undenatured Env proteins. 



MATERIALS AND METHODS 

Recombinant vaccinia viruses. For production of soluble, 
secreted HIV-1 Env glycoprotein, two recombinant vaccinia 
viruses were constructed. The env gene from the BH8 isolate 
(GenBank accession number KO2011) was used (55, 70), and 
nucleotide numbers are derived from this sequence. Number- 
ing of amino acids begins at the start of the open reading frame 
and thus includes the signal peptide. For construction of both 
recombinant viruses, two translation termination codons were 
inserted after the lysine residue at amino acid 678 (nucleotide 
2034), just prior to the transmembrane domain of gp41, using 
a two-step PCR protocol (38). In the first step, two fragments 
with overlapping ends were synthesized. These spanned a 
region of the env gene from the Hindlll restriction site 
(nucleotide 2128), through the transmembrane coding region, 
to the BamHl restriction site (nucleotide 2462). One fragment 
was generated with the synthetic oligonucleotide a (5'-AA 
CAATTACACAAGCTTAATACACTC-3'), containing the 
Hindlll restriction site, in conjunction with oligonucleotide b 
(5 ' - CCCCCG CGGTTATT ATTTTATATACCAC AG CCA 
ATTTGT-3'), containing the translation termination codons. 
The other fragment was generated with oligonucleotide c 
(5 ' -GTGCTAAGG ATCCGTTCACTAATCG-3 ' ), containing 
the BamHl restriction site, in conjunction with oligonucleotide 
d (5 ' -TAATAACCGCGGGGGTTATTC ATAATG ATAGTA 
GGAGGC-3'). These two fragments were then used together 
in a second reaction along with oligonucleotides a and c to 
generate a 372-bp fragment. This fragment was digested with 
Hindlll and BamHl and exchanged with the analogous frag- 
ment in the env gene of pSC60 (7), a plasmid which contains 
the entire HIV-1 env gene under control of a synthetic 
early/late vaccinia virus promoter. The resulting plasmid, pCB- 
14, thus contains the env gene truncated after amino acid 678. 
The proteolytic cleavage sites between gpl20 and gp41 were 
removed by substitution of a 575-bp Sspl-Hindlll fragment 
between nucleotides 1553 and 2128 with the analogous frag- 
ment from pPE12 (17) to generate pPE12B. Plasmid pPE12 
contains the env gene from which 12 amino acids including the 
primary and secondary cleavage sites have been removed. 
Plasmids pCB-14 and pPE12B were used to generate recom- 
binant vaccinia viruses vCB-14 and vPE12B (18), which express 
cleavable and noncleavable secreted gpl40 molecules, respec- 
tively. 

Several other recombinant vaccinia viruses were also used. 
vPE16 (16) and vSC60 (7) express wild-type gpl60 under the 
vaccinia virus 7.5K and synthetic early/late promoters, respec- 



tively; vPE12 expresses a noncleavable form of gpl60; vPE8 
expresses gpl20; and the series vPE17, vPE18, vPE20, vPE21, 
and vPE22 (17) express C-terminally truncated Env molecules. 
vSC64 expresses a chimeric Env glycoprotein molecule consist- 
ing of HIV-2 gpl20 and HIV-1 gp41 (7). vCB-5 (5) expresses 
soluble CD4 (sCD4) (372 amino acid residues). In addition, 
plasmid pPE63 (19), expressing truncated Env glycoprotein via 
the hybrid vaccinia virus-T7 system (21), was used. 

Purification of soluble, secreted HIV-1 Env glycoprotein 
gpl40 for immunizations. Typically, 40 confluent 160-cm 2 
flasks, each containing approximately 1.5 X 10 7 BS-C-1 cells, 
were infected with vPE12B at a multiplicity of infection of 10. 
At 2 h after infection, the monolayers were washed three times 
with phosphate-buffered saline (PBS) to remove free virus 
particles and then overlaid with serum-free OPTI-MEM 
(GIBCO, Grand Island, N.Y.). After 24 to 36 h, the medium 
was harvested and culture debris was removed by centrifuga- 
tion for 30 min at 12,000 rpm. Triton X-100 was then added to 
0.5% (vol/vol) final concentration and maintained through 
lentil lectin chromatography in order to prevent nonspecific 
binding of proteins with the column material. Glycoproteins 
were purified by lentil lectin-Sepharose (Pharmacia, Piscat- 
away, N.J.) chromatography as follows. The pooled culture 
supernatant containing secreted gpl40 was cycled continuously 
over a column (1 by 13 cm) overnight. The column was washed 
with PBS containing 10 mM Tris-HCl (pH 8.0), 0.3 M NaCl, 
and 0.5% Triton X-100 (10 column volumes) followed by PBS 
containing 10 mM Tris-HCl (pH 8.0) (2 column volumes). 
Glycoproteins were eluted with 0.5 M methyl a-D-mannopy- 
ranoside in PBS containing 10 mM Tris-HCl (pH 8.0) (3 
column volumes) and concentrated 20- to 30-fold in Centricon 
microconcentrators (Amicon). This material was loaded onto 5 
to 20% sucrose gradients in the absence of detergent and 
centrifuged in an SW40 rotor for 20 h at 4°C at 40,000 rpm 
(14). After fractionation, a small aliquot of each fraction was 
analyzed by sodium dodecyl sulfate-polyacrylamide gel elec- 
trophoresis (SDS-PAGE) followed by Western blotting (im- 
munoblotting) using a rabbit polyclonal antiserum to HIV-1 
gpl60 (R160) (84) and 125 I-labeled protein A (Amersham). 
Fractions containing monomeric, dimeric, and tetrameric Env 
glycoprotein were pooled and concentrated. To verify the 
oligomeric status of each pooled fraction, aliquots were cross- 
linked with 1 mM ethyleneglycol bis(succinimidylsuccinate) 
(EGS; Pierce, Rockford, 111.) and analyzed by SDS-PAGE (4% 
gel) and Western blotting with R160 as described previously 
(14). Purified Env glycoprotein preparations were separated by 
SDS-PAGE (10% gel) and visualized with Coomassie blue 
G250. 

Immunization of mice and production of hybridomas. 

A.SW/SnJ mice (Jackson Laboratory, Bar Harbor, Maine) 
were immunized with either monomeric, dimeric, or tetrameric 
Env glycoprotein preparations with RiBi adjuvant (RiBi Im- 
munochem Research Inc., Hamilton, Mont.) as recommended 
by the supplier. Briefly, mice were inoculated at 3-week 
intervals with 15 to 20 |xg of purified HIV-1 Env glycoprotein 
per mouse (one-half subcutaneously and one-half intraperito- 
neally). A test bleed was performed following the first boost, 
and the sera were assayed by both immunoprecipitating and 
immunoblotting to ensure reactivity with the immunogen. 
Mice receiving monomeric and dimeric Env preparations were 
inoculated three times, while mice receiving tetrameric Env 
were inoculated four times. 

Three days after the final inoculation, mice were sacrificed 
and the spleens were harvested and prepared for cell fusion by 
standard methods (22). Splenocytes were fused with Sp2/0 
myeloma cells (ATCC 1581) with polyethylene glycol, using a 
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modification of the method of Gefter et al. (24). Following 
polyethylene glycol fusion, the cell preparations were distrib- 
uted in 96-well plates at a density of 10 5 cells per well, based on 
the number of Sp2/0 partner cells, and selected in Iscove's 
minimal essential medium supplemented with hypoxanthine- 
aminopterin-thymidine, 10% fetal calf serum (HyClone Labo- 
ratories, Hazelton, Mont.), and 100 U of recombinant inter- 
Ieukin-6 (Boehringer Mannheim Biochemicals, Indianapolis, 
Ind.) per ml. No feeder cell cultures were used. The medium 
was replaced with fresh hypoxanthine-aminopterin-thymidine 
medium approximately 10 days after plating. Twelve days after 
plating, the supernatants from all wells containing a hybridoma 
colony were screened by immunoprecipitation with iodinated 
Env glycoprotein preparations. Spleens from the two mice 
immunized with monomeric Env yielded 378 hybridoma colo- 
nies, of which 15 were reactive with Env by immunoprecipita- 
tion. Spleens from the three mice immunized with dimeric Env 
and from the four mice immunized with tetrameric Env yielded 
733 and 1,044 hybridoma colonies and 68 and 55 anti-Env 
MAbs, respectively. 

Radioiodination of HIV-1 Env glycoproteins. Preparations 
(50 |xg) of purified monomeric, dimeric, or tetrameric HIV-1 
Env glycoproteins were labeled with 125 I by the chloramine T 
method with Iodobeads (Pierce Chemical) as described by 
Markwell (51). Radiolabeled glycoproteins were separated 
from free iodine by passage over a Sepharose G-25 column and 
stored at 4°C. Typically, the specific radioactivity of Env 
glycoprotein was approximately 1 X 10 6 to 2 X 10 6 cpm/jxg. 
Iodination of Env glycoprotein preparations did not disrupt 
the oligomeric structure of the soluble Env glycoprotein prep- 
arations, as determined by cross-linking with 1 mM EGS and 
analysis by SDS-PAGE (4% gel) and Western blotting. 

Screening of hybridoma supernatants. Hybridoma superna- 
tants were screened by immunoprecipitation. Briefly, 100 |xl of 
culture supernatant was incubated with 100 yA of PBS contain- 
ing 0.5% Triton X-100, 0.5% Nonidet P-40, iodinated Env 
glycoprotein (approximately 100,000 cpm), and 8 |xg of rabbit 
anti-mouse immunoglobulin G (IgG; Calbiochem, La Jolla, 
Calif.) for 1 h at room temperature in microcentrifuge tubes. 
The oligomeric forms of Env used for screening each set were 
the same as that used for immunization. Protein A-Sepharose 
beads (100 fxl of a 20% [vol/vol] suspension) were then added, 
and tubes were rocked for 30 min. The beads were centrifuged, 
and the pellets were washed once with PBS containing 0.5% 
Triton X-100 and 0.5% Nonidet P-40. The tubes were counted 
in a Beckman Gamma 5500B counter. MAb 902 (10) and 
polyclonal rabbit antibody R160 (84) were included as positive 
controls; culture supernatant from an irrelevant hybridoma 
was included as a negative control. 

Hybridoma colonies producing immunoglobulin which im- 
munoprecipitated Env were expanded to approximately 4 X 
10 6 to 5 X 10 6 cells and cloned by limiting dilution by standard 
methods. MAbs were produced as tissue culture supernatants 
in Iscove's minimal essential medium containing hypoxanthine, 
thymidine, 10% fetal calf serum, and 50 U of interleukin-6 per 
ml. In some instances, MAbs were produced in serum-free 
HyQ medium (HyClone) with 50 Units of interleukin-6 per ml. 
Mouse IgG subclass types were determined by using the 
AB-STAT typing kit (Sangstat Medical Co., Menlo Park, 
Calif.). Mouse IgG concentrations in tissue culture superna- 
tants were determined with an enzyme-linked immunosorbent 
assay (ELISA) kit (Boehringer Mannheim Biochemicals). 

Metabolic labeling and immunoprecipitation. BS-C-1 cells 
were infected with recombinant vaccinia virus at a multiplicity 
of infection of 20. At 4 h postinfection, the virus inoculum was 
replaced with methionine-free minimal essential medium con- 



taining 5% dialyzed fetal calf serum and 100 u-Ci of [-^me- 
thionine per ml and incubated overnight. Cells were lysed in 
buffer containing 100 mM Tris-HCl (pH 8.0), 100 mM NaCl, 
and 0.5% Triton X-100. Soluble, secreted forms of Env 
glycoprotein were obtained from the medium of infected cells. 
For preparation of the ectodomain fragment of gp41 (gp41s), 
consisting of the N-terminal 172 amino acids of gp41, the 
medium of cells infected with vCB-14 was concentrated and 
applied to a 5 to 20% sucrose gradient as described above. The 
gpl20 and gp41s dissociated from one another during centrif- 
ugation, and gp41s was recovered in a single peak sedimenting 
more slowly than monomeric gpl20 (6). Monomeric gpl20 was 
obtained from the medium of infected cells and in some cases 
was purified by sucrose density gradient centrifugation. Immu- 
noprecipitations were performed by incubating metabolically 
labeled Env with antibody overnight at 4°C. Typically, 200 jxl of 
a hybridoma culture supernatant or 1 (jil of a polyclonal 
antiserum was used for each immunoprecipitation. Where 
appropriate, 8 (xg of rabbit anti-mouse IgG (Calbiochem) was 
then added for 30 min followed by 100 |xl of a 20% protein 
A-Sepharose suspension. After 30 min of rocking, the Sepha- 
rose beads were centrifuged at 1,000 x g for 4 min and the 
pellets were washed twice with 1 ml of Triton buffer (50 mM 
Tris-HCl [pH 8.0], 300 mM NaCl, 0.1% Triton X-100). Pro- 
teins were eluted by heating for 5 min at 95°C in sample buffer 
containing 5% 2-mercaptoethanol. 

Western blotting. Proteins from extracts of vaccinia virus- 
infected cells expressing different HIV-1 env genes were sep- 
arated by SDS-PAGE (10% gel) and transferred to nitrocel- 
lulose membranes. In some cases, proteins were separated on 
preparative gels and the nitrocellulose was cut into 10-mm 
strips after protein transfer. The nitrocellulose membranes 
were incubated with MAb (usually 1:5 dilution) for 1 h at room 
temperature. After washing with PBS containing 0.2% Tween 
20, the strips were incubated with 125 I-labeled rabbit anti- 
mouse IgG for 30 min and then washed. Hybridization with 
polyclonal antibody R160 was done at 1:500 dilution, and 
125 I-protein A was used to detect binding. Proteins were 
visualized by autoradiography. 

Flow cytometry. Human H9 cells (10 6 /50 jxl) chronically 
infected with HIV-1 II IB were incubated with hybridoma 
supernatant. After 30 min at 4°C, the cells were washed twice 
with PBS containing 1% bovine serum albumin, incubated with 
goat anti-mouse-fluorescein isothiocyanate for 30 min at 4°C, 
and then washed two times. The cells were resuspended in 1 ml 
of PBS containing 4% paraformaldehyde and analyzed with a 
fluorescence-activated cell sorting (FACS) apparatus (FACS- 
can; Becton Dickinson). 

Peptide ELISA. The HIV-1 IIIB V3 loop peptide (CNTR 
KSIRIQRGPGRAFVTIGK) (American Bio-Technologies, 
Cambridge, Mass.) and the HIV-1 MN V3 loop peptide 
(YNKRKRIHIGPGRAFYTTKNIIG) (Biological Resources 
Branch, National Institute of Allergy and Infectious Diseases 
[NLAID]) were used to determine the V3 loop reactivities of 
the MAbs. Briefly, the wells of Immulon II 96-well assay plates 
were coated with 50 pi of 0.05 M sodium carbonate (pH 9.5) 
containing 0.25 |xg of peptide overnight at 4°C. Plates were 
washed with PBS containing 0.1% Tween 20 and blocked with 
a solution of proteolyzed gelatin (Boehringer Mannheim Bio- 
chemicals). Antibody binding was performed at room temper- 
ature for 1 h. Serial dilutions were tested in duplicate. Bound 
MAb was detected with a peroxidase-conjugated anti-mouse 
IgG (Boehringer Mannheim Biochemicals) and 2,2'-amino-di- 
[3-ethylbenzthiazoline sulfonate(6)] substrate (Boehringer 
Mannheim Biochemicals). All MAbs exhibiting binding were 
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reexamined on mock-coated plates, and no false positives were 
detected. 

CD4 blocking. To assay for CD4 blocking ability, metaboli- 
cally labeled gpl40 and sCD4 were prepared from the medium 
of cells infected with vPE12B and vCB-5, respectively. Dimeric 
gpl40 was purified by sucrose density gradient centrifugation 
as described above. A 100-|xl sample of hybridoma supernatant 
(MAb in excess of Env) was incubated overnight at 4°C with 
dimeric gpl40. A small amount of sCD4 was added, and the 
mixture was incubated for 30 min at room temperature. Then 
4 |xg of rabbit anti-mouse IgG was added for 30 min, followed 
by 100 |xl of protein A-Sepharose beads (20% suspension). 
After 30 min of gentle rocking, the beads were washed once 
with buffer containing 100 mM Tris-HCI (pH 8.0), 100 mM 
NaCl, and 0.5% Triton X-100, and samples were analyzed by 
SDS-PAGE (10% gel). MAb F105 (67), obtained from the 
AIDS Research and Reference Program, NIAID, was used as 
a positive control for CD4 blocking activity. Anti-V3 loop MAb 
902 (10) was used as a negative control. 

RESULTS 

Purification of secreted oligomeric Env protein. Secreted 
oligomeric HIV-1 Env protein was produced by recombinant 
vaccinia viruses, vCB-14 and vPE12B, containing mutated env 
genes. In both constructs, the genes were truncated after 
amino acid 678 (Lys), just prior to the transmembrane domain, 
resulting in 140-kDa Env molecules (gpl40). To prevent 
dissociation of gpl20 from the gp41 ectodomain fragment 
during purification, a deletion was made in the DNA sequence 
coding for the amino acids at the gpl20-gp41 cleavage site in 
vPE12B. We have previously shown that this mutation, intro- 
duced into the full-length env gene, yielded a noncleaved form 
of Env that was efficiently folded, assembled, and transported 
to the plasma membrane where it could bind to added sCD4 
(17). In both constructs, a synthetic early/late vaccinia virus 
promoter was used to allow high levels of gene expression (7). 
Both proteins were efficiently secreted and could bind CD4 
(not shown), suggesting that they were folded correctly. As 
designed, the protein made by vCB-14-infected cells was 
secreted in both cleaved and noncleaved forms, while that 
expressed by vPE12B was recovered primarily as noncleaved 
gpl40. Although the primary and secondary proteolytic cleav- 
age sites of Env were removed in vPE12B, a very small amount 
of cleavage occurred, as was observed with the full-length form 
(17). 

To produce oligomeric gpl40 for immunization, BS-C-1 
monolayers were infected with vPE12B and incubated 24 to 36 
h in serum-free medium. The gpl40 was purified from the 
medium by a two-step procedure. First, glycoproteins from the 
medium were bound to a lentil lectin column and eluted with 
methyl a-D-mannopyranoside. This step resulted in elimina- 
tion of most contaminating proteins (Fig. 1C, lane 2). After 
concentration, oligomeric and monomeric gpl40 were sepa- 
rated by sucrose velocity gradient sedimentation. The gradi- 
ents were fractionated, and a small aliquot of each fraction was 
analyzed by SDS-PAGE and Western blotting to monitor the 
distribution of gpl40 (Fig. 1A). The majority of the Env 
glycoprotein was in dimeric and tetrameric forms. A minor 
peak containing monomeric gpl40 and gpl20 was also ob- 
tained. 

Peak fractions containing the three forms were pooled 
separately, and an aliquot of each was chemically cross-linked 
with EGS to confirm their oligomeric states. As shown in Fig. 
IB, dimeric and tetrameric Env fractions were cross-linked 
into dimers and larger forms, respectively, whereas monomeric 




FIG. 1. Purification of monomeric and oligomeric forms of soluble, 
noncleaved gp!40. (A) After separation by lentil lectin chromatogra- 
phy, glycoproteins from the medium of vPE12B-infected cells were 
separated by sucrose velocity gradient centrifugation. A portion of 
each gradient fraction was separated by SDS-PAGE (10% gel) and 
analyzed by Western blotting. Tetramer, dimer, and monomer frac- 
tions, as indicated, were pooled. (B) An aliquot of each pool was 
cross-linked with EGS, separated by SDS-PAGE (4% gel), and 
analyzed by Western blotting. (C) Proteins from each purification step 
were analyzed by Coomassie blue staining. Lanes: 1, medium of 
infected cells; 2, lentil lectin eluate; 3 and 4, dimer and tetramer 
fractions, respectively, from sucrose density gradient. 



Env was not cross-linked into larger-molecular-weight species. 
Similar results have been demonstrated with full-length Env 
(14). Analysis of the Coomassie blue staining pattern of each 
sucrose gradient peak indicated that gpl40 was the predomi- 
nant band in all three preparations, although monomeric Env 
was less pure than either oligomeric form (Fig. 1C and data not 
shown). 

Immunization of mice and production of MAbs. Two mice 
were immunized with monomeric, three were immunized with 
dimeric, and four were immunized with tetrameric gpl40. We 
found that emulsification of the preparations in RiBi adjuvant 
did not affect the oligomeric state of the Env, as shown by 
chemical cross-linking followed by Western blot analysis (not 
shown). Serum collected from each animal after the first 
inoculation efficiently reacted with gpl40 by immunoprecipita- 
tion and with gpl60, gpl20, and gp41 by Western blotting (not 
shown). The mice were sacrificed 3 days after the final 
inoculation, and hybridomas were generated. To identify anti- 
bodies capable of recognizing conformation-dependent epi- 
topes, hybridoma supernatants were tested for the ability to 
immunoprecipitate iodinated, gradient-purified oligomeric or 
monomeric gpl40. The form of Env used for screening was the 
same as the form used for immunization. The results of this 
screening procedure were unambiguous. Radioactivity deter- 
minations were < 1,000 cpm for negative wells and > 20,000 
cpm for positive wells. During the initial screening, random 
samples that were deemed positive were analyzed by SDS- 
PAGE to ensure that gpl40 was indeed immunoprecipitated. 
No false positives were detected. A total of 190 hybridomas 
from nine mice in five fusion experiments were strongly 
positive in this assay. Of these, 180 were still positive after 
expansion, and so far 138 have been cloned by limiting dilution. 
Of the 138 cloned hybridomas, only 15 were derived from mice 
immunized with monomeric Env. Several factors could account 
for this relatively low yield. Although approximately the same 
amount of Env protein was used to immunize each mouse, the 
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FIG. 2. FACS profiles of MAbs. Human T cells chronically infected with HIV-1 IIIB were incubated with hybridoma supernatant followed by 
goat anti-mouse-fluorescein isothiocyanate and subjected to FACS analysis. (A) Nonspecific mouse IgG; (B) anti-gpl20 MAb 110.4; (C) 
anti-gpl20 MAb D34; (D) anti-gp41 MAb D6. 



monomer preparation was less pure than the dimer and 
tetramer preparations, resulting in immunization with some 
extraneous proteins. A more interesting possibility, however, is 
that monomeric Env is less immunogenic than oligomeric Env. 
Studies to address this point directly are under way. Hybrido- 
mas, and the MAbs that they secrete, were first designated M 
(monomer), D (dimer), or T (tetramer), depending on the 
immunogen used, and numbered sequentially after isolation. 
The IgG subtypes were determined for 128 of the MAbs; 62 
were IgGl, 52 were IgG2a, 13 were IgG2b, and 1 was IgG3. 

Reactivity of MAbs to native HIV-1 Env. Because the 
immunogen used was a noncleavable, truncated form of Env, it 
was important to ascertain whether the MAbs recognized the 
authentic HIV-1 Env molecule. To do this, approximately 90% 
of the MAbs were screened by FACS analysis for the ability to 
recognize Env on the surface of cells chronically infected with 
HIV-1 IIIB. Representative FACS profiles are shown in Fig. 2. 
A control mouse IgG did not label the cells (Fig. 2A), while a 
previously described MAb to gpl20, 110.4 (Fig. 2B), labeled 
the cells strongly. The profiles of one new anti-gpl20 MAb, 



D34, and one new anti-gp41 MAb, D6, are shown in Fig. 2C 
and D, respectively. At least 80% of the MAbs were clearly 
positive in this assay. Lack of reactivity could be due to a very 
low titer of antibody or reactivity with an epitope that is unique 
to the recombinant gpl40. However, the fact that the large 
majority of the MAbs tested recognized native HIV-1 Env 
provides strong evidence that the recombinant, oligomeric 
gpl40 used here faithfully reflects the antigenic structure of the 
authentic molecule. 

Identification of conformation-dependent and -independent 
MAbs. To determine which MAbs recognized linear, confor- 
mation-independent epitopes, each was screened for the ability 
to react by Western blot analysis with Env that had been 
denatured and reduced prior to SDS-PAGE. A representative 
panel is shown in Fig. 3. We found that 43% of the MAbs 
reacted strongly with Env, 11% reacted very weakly (e.g., D9 
and D59), and 46% were completely negative even though they 
efficiently immunoprecipitated Env. We defined MAbs that 
reacted either very weakly or not at all by Western blotting as 
conformation dependent. The remaining MAbs, which reacted 
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FIG. 3. Western blot analysis of MAb reactivity. A cell lysate of 
BS-C-1 cells infected with vPE16 was separated by preparative SDS- 
PAGE (10% gel) and transferred to nitrocellulose. Strips of nitrocel- 
lulose membrane were incubated with individual MAbs. All 138 MAbs 
were tested in this way; a representative set is shown. MAbs were 
classified as conformation dependent if they showed no reactivity (for 
example, M12 and D20) or weak reactivity (D9 and D59) and as 
conformation independent if they were strongly reactive (for example, 
D19 and D34). The subunit recognized by the conformation-indepen- 
dent MAbs was also determined by this analysis. For example, T3 and 
T30 recognize gp41, while D19, D34, D47, and T17 recognize gpl20. 



strongly with denatured Env, were defined as conformation 
independent. By this criterion, 57% (79 of 138) of the MAbs 
recognized conformational^ sensitive antigenic epitopes, while 
43% (59 of 138) recognized linear or conformation-indepen- 
dent epitopes (Table 1). Thus, the immunization and screening 
approach used here generated a large number of antibodies, 
more than half of which recognized conformation-dependent 
epitopes. 

Subunit mapping. The epitope recognized by each MAb was 
mapped initially to either gpl20 or the gp41 ectodomain. 
Mapping of the conformation-independent MAbs was done by 



Western blot analysis as shown in Fig. 3. Of the 59 conforma- 
tion-independent MAbs analyzed, 50 recognized epitopes in 
gpl20 and 9 recognized epitopes in gp41 (Table 1). Subunit 
mapping of the conformation-dependent MAbs was performed 
by immunoprecipitation analyses using several different meta- 
bolically labeled forms of Env (Fig. 4). These included a cell 
lysate containing full-length gpl60, gpl20, and gp41 (Fig. 4A), 
monomeric gpl20 (Fig. 4B), and a gradient-purified gp41 
ectodomain fragment derived from vCB-14 (Fig. 4C). The 
results obtained from a panel of conformation-dependent 
MAbs is shown in Fig. 4A to C. Of the 79 conformation- 
dependent MAbs analyzed, 33 mapped to gpl20 (Table 1). 
Many of these anti-gpl20 MAbs coprecipitated gp41 in a lysate 
containing gpl60, gpl20, and gp41 (for example, D20; Fig. 4), 
presumably because of noncovalent interactions. However, 
none of the anti-gp41 MAbs coprecipitated gpl20 either 
because the gpl20-gp41 complex was not reactive or because it 
was dissociated by the MAb. 

Of the MAbs that did not immunoprecipitate purified gpl20, 
many immunoprecipitated the purified gp41 ectodomain frag- 
ment, indicating that their epitopes reside in the gp41 ectodo- 
main (for example, D12 and D40; Fig. 4C). However, a number 
of MAbs were unable to immunoprecipitate either purified 
gpl20 or the gp41 ectodomain fragment by itself. These MAbs, 
such as T6, immunoprecipitated both gp41 and gpl60 when 
they were together in cell lysates (Fig. 4A). As a consequence, 
it was not possible to determine whether these MAbs recog- 
nized epitopes unique to gpl60 and coimmunoprecipitated 
gp41 or whether they recognized oligomer-dependent epitopes 
present in gp41. To investigate these possibilities further, the 
MAbs were tested for the ability to immunoprecipitate a 
chimeric Env protein consisting of HIV-2 gpl20 and HIV-1 



TABLE 1. Reactivities of 138 MAbs raised against soluble forms of the HIV-1 Env protein" 



MAb 



Total 



Conformation- 
independent 
epitope 



Conformation- 
dependent 
epitope 



V3 loop 



CD4 blocking 



All 
Total 

Conformation 
Conformation 
gpl20 
Total 

Conformation 
Conformation 
gp41 
Total 

Conformation 
Conformation 
Immunogen 
Monomer 

All 

gpl20 

gp41 
Dimer 

Ail 

gpl20 

g P 41 
Tetramer 

All 

gp!20 

gp41 



dependent 
independent 



dependent 
independent 



dependent 
independent 



138 
79 
59 

83 
33 
50 

52 
43 
9 



15 
12 
3 

68 
34 
31 

55 
37 
18 



59 



50 



9 
9 
0 

19 
14 

5 

31 
27 
4 



79 



33 



43 



6 
3 
3 

49 
20 
26 

24 
10 
14 



15/82 
0/32 
15/50 

15/82 
0/32 
15/50 



7/12 



6/33 



2/37 



19/76 
19/49 
0/27 

19/41 
19/20 
0/21 

0/35 
0/29 
0/6 



3/12 
3/10 
0/2 

14/41 
14/22 
0/19 

2/23 

2/9 

0/14 



a MAbs are classified on the basis of which subunit they recognize (gpl20 or gp41), whether they recognize conformation-dependent or -independent epitopes, and 
by the immunogen used to elicit them. The subunit recognized by three conformation-dependent MAbs made with dimeric gpl40 as immunogen has not been 
determined. Reactivity against the V3 loop and ability to block CD4 binding were determined by peptide ELISA or immunoprecipitation analysis, respectively. Not 
all MAbs have been tested for reactivity with the V3 loop and CD4 blocking; thus, the total number of positive MAbs over the total number tested is shown. 
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FIG. 4. Subunit mapping of conformation-dependent MAbs. The 
subunit recognized by each conformation-dependent MAb was iden- 
tified by immunoprecipitation analysis with different forms of Env. For 
all panels, metabolically labeled Env proteins were produced by 
infection of BS-C-1 cells with a recombinant vaccinia virus expressing 
a form of Env. The rabbit polyclonal anti-gpl60 antibody R160 (84) 
was used to show all forms of Env in a given sample. Anti-V3 loop 
MAb 902 (9) was used as an anti-gpl20 positive control, and an 
irrelevant MAb was used as a negative (neg) control. Each panel shows 
immunoprecipitation with a different form or preparation of Env as 
follows: (A) a lysate of cells infected with vSC60 containing wild-type 
gpl60 and the proteolytic cleavage products gpl20 and gp41; (B) the 
medium of cells infected with vPE16 containing monomeric gpl20; (C) 
the ectodomain fragment, gp41s, prepared by sucrose density gradient 
purification of the medium of cells infected with vCB-14 which 
expresses cleavable gpl40; and (D) a chimera consisting of HIV-2 
gpl20 and HIV-1 gp41 expressed by vSC64 (7). An extract of cells 
infected with vSC64 was subjected to immunoprecipitation by the set 
of MAbs as well as by anti-simian immunodeficiency virus monkey 
serum (S) (donated by V. Hirsch, NIAID). The sharp band migrating 
slightly below the position of gpl20 may be due to 0-galactosidase, 
which is coexpressed by the recombinant vaccinia viruses. The gpl60 
band appears as a doublet in cells infected with vSC64 (D) as well as 
in cells infected with vSC50 which expresses HIV-2 Env (not shown). 
In addition, gpl20 (HIV-2) from the medium (Med) of cells infected 
with vSC64 was immunoprecipitated with R160 and anti-SIV serum 
(D). 



gp41 (vSC64). None of the MAbs in the class represented by 
T6 immunoprecipitated HIV-2 Env (not shown). They did, 
however, recognize the chimeric Env protein (Fig. 4D), indi- 
cating that the epitopes to which they bind are present in the 
HIV-1 gp41 ectodomain. 

Taken together, more than one-third of the MAbs derived 
from immunization with native oligomeric Env protein were 
directed against epitopes in the gp41 ectodomain. Comparison 
of the subunit mapping results with the data on conformation 
dependence revealed that the antigenic structure of gp41 is 
exquisitely sensitive to conformation. More than 80% (43 of 
52) of the MAbs to gp41 recognized conformation-dependent 
epitopes (Table 1). By contrast, the antigenic sites of gpl20 
appeared to be less sensitive to tertiary structure, since 40% 
(33 of 83) of the gpl20 MAbs recognized conformational 
epitopes (Table 1). 

Detailed epitope mapping of MAbs. To map the epitopes 
recognized by the MAbs more precisely, a series of C-termi- 
nally truncated Env molecules was used. These were expressed 
either by recombinant vaccinia viruses or by the transient 
vaccinia virus-T7 system (21). The Env molecules used in- 
cluded full-length gpl40 (678 amino acids), two molecules with 
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FIG. 5. Epitope mapping of the conformation-independent MAbs 
by Western blot analysis. A set of C-terminally truncated Env mole- 
cules expressed by vaccinia viruses was used to determine the region of 
Env with which each conformation-independent MAb reacted. Ex- 
tracts of cells expressing the truncated Env proteins were separated by 
SDS-PAGE (10% gel) and blotted to nitrocellulose. The MAbs with 
reactivity to gp41 were mapped with gpl60 (lane a) and four sequential 
truncations in gp41 containing 747 (lane b), 678 (lane c), 635 (lane d), 
and 574 (lane e) amino acid residues. The MAbs with reactivity to 
gpl20 were mapped with gpl20 (lane g) and three sequential trunca- 
tions in gpl20 containing 393 (lane h), 287 (lane i), and 204 (lane j) 
amino acid residues. The virus vSC8, which does not express Env 
protein, was used as a negative control (lanes f and k). Antibody names 
are given between the vertical panels of blots. 



sequential truncations in gp41 (635 and 574 amino acids), 
full-length gpl20 (502 amino acids), and three truncated forms 
of gpl20 (393, 287, and 204 amino acids) (17, 19). Mapping of 
the conformation-independent MAbs was performed by West- 
ern blotting using extracts of cells expressing the truncated Env 
molecules. The map location is indicated by the first segment 
removed that results in loss of reactivity. Thus, T34, T3, Tl, T5, 
and M2 map to locations progressively closer to the N terminus 
of gpl60. Representative examples of Western blots are shown 
in Fig. 5, and the results for all MAbs tested are summarized in 
Fig. 6. Of the nine anti-gp41 MAbs tested, one mapped to 
amino acids 503 to 574, five mapped to amino acids 575 to 635, 
and three mapped to amino acids 636 to 678. Of the 50 
anti-gpl20 MAbs to conformation-independent epitopes, 32 
mapped to the amino-terminal 204 amino acids, 3 mapped to 
amino acids 204 to 287, and 15 mapped to amino acids 287 to 
393. Somewhat surprisingly, no conformation-independent 
MAbs mapped to the C-terminal region of gpl20 (between 
amino acids 393 and 502) even though antibodies to this region 
are abundant in human sera (2, 37, 41, 45, 64). This could be 
due to sequestration of the C terminus of gpl20 by interactions 
with adjoining Env subunits or with gp41. Alternatively, the 
conformation of the uncleaved gpl40 used as immunogen 
could mask this region. 
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FIG. 6. Compilation of the reactivities of the 59 conformation-independent MAbs with truncated Env molecules. Each of the MAbs was 
analyzed for reactivity by Western blot analysis using a set of C-terminally truncated Env molecules as shown in Fig. 5. The number of amino acids 
in each truncated Env molecule and the number of MAbs mapping to each region are given. 



Initial mapping of the conformation-dependent MAbs was 
done by immunoprecipitation of metabolically labeled, trun- 
cated Env molecules. Of the 39 anti-gp41 MAbs tested, 3 
efficiently immunoprecipitated the 635-amino-acid Env mole- 
cule, indicating that amino acids 635 to 678 are not necessary 
for antibody recognition. Of the 32 anti-gpl20 antibodies 
tested, only 2 immunoprecipitated the 393-amino-acid gpl20 
molecule; one of these also immunoprecipitated the 287- 
amino-acid molecule. However, the inability of a conforma- 
tion-dependent MAb to immunoprecipitate a truncated form 
of Env does not necessarily imply that its epitope lies com- 
pletely or even partially within the truncated area, since the 
overall structure of the truncated molecules may be signifi- 
cantly different from the native, full-length protein. Other 
approaches are being used to map the epitopes recognized by 
our panel of conformation-dependent antibodies. 

Reactivity of MAbs with the V3 loop peptide. To determine 
the fraction of MAbs directed against the V3 loop generated 
by immunization with oligomeric Env glycoprotein, a V3 loop 
peptide ELISA assay was performed with anti-gpl20 MAbs. 
We found that 15 of 50 conformation-independent MAbs 
exhibited reactivity with the HIV-1 IIIB V3 loop peptide 
(Table 1). Of these, two cross-reacted with a V3 loop peptide 
from the MN strain. Similar cross-reactive antibodies to the V3 
loop have been reported previously (25, 27, 60). In addition, an 
interesting correlation was observed between the oligomeric 
state of the immunogen used and the frequency with which 
anti-V3 loop MAbs were derived. Of the 15 MAbs derived 
from animals immunized with monomeric gpl40, 7 were 
against the V3 loop. In contrast, only 6 of 68 MAbs from 
animals immunized with dimer and 2 of 55 immunized with 
tetramer bound to the V3 loop peptide (Table 1). Thus, a far 
greater proportion of non-V3 loop MAbs was obtained when 
oligomeric Env was used as the immunogen, indicating that the 
V3 loop may not be a predominant epitope when presented in 
the context of oligomeric Env. Immunization with oligomeric 
Env may, as a consequence, generate a greater proportion of 
antibodies to conserved, conformational epitopes rather than 
to variable, linear regions of the protein. 

CD4 blocking ability off MAbs. Unlike antibodies to the V3 
loop, neutralizing antibodies which block Env-CD4 binding 
generally recognize conformational ly sensitive epitopes and 
often recognize the Env from divergent strains (8, 11, 34, 36, 
41, 46, 67, 77). We tested a large panel of MAbs to both gpl20 
and gp41 for the ability to block binding of sCD4 to Env. MAbs 
were incubated overnight with gradient-purified, metabolically 
labeled dimeric gpl40 derived from vPE12B. The amount of 
antibody used was determined to be in excess over the amount 
of Env. Metabolically labeled sCD4 was then added for 30 min 
followed by rabbit anti-mouse IgG and protein A-Sepharose 
beads. Coimmunoprecipitation of sCD4 by the anti-Env MAbs 
was monitored by SDS-PAGE. MAb F105 (67), which blocks 
CD4 binding, and the anti-V3 loop MAb 902 (10), which does 
not, were used as controls. A representative set of results is 



shown in Fig. 7. MAb D20, for example, efficiently blocked 
sCD4 binding, while D16 did not. As expected, none of the 
anti-gp41 MAbs blocked binding of sCD4 regardless of their 
conformation dependence. However, of the 20 conformation- 
dependent anti-gpl20 MAbs tested, 19 efficiently blocked 
sCD4 binding (Table 1). In contrast to conformation-depen- 
dent anti-gpl20 MAbs, none of the 21 conformation-indepen- 
dent anti-gpl20 MAbs tested blocked CD4 binding. Thus, in 
this panel of MAbs, the ability to block sCD4 binding was 
restricted to conformation-dependent antibodies to gpl20. 

DISCUSSION 

Characterizing the structural determinants that affect the 
HIV-1 Env glycoprotein antigenic structure is important for 
designing Env subunit preparations capable of eliciting broadly 
cross-reactive, neutralizing antibodies as well as for under- 
standing the humoral response to HIV-1 infection. It is 
becoming increasingly apparent, for example, that antibodies 
to conformational epitopes comprise an important component 
of the immune response to the Env glycoprotein (30, 43, 53, 
76). One conformational determinant which may influence 
Env immunogenicity is its quaternary structure. Like most 
other viral membrane proteins, Env assembles into oligomers 
in the endoplasmic reticulum (20), and by analogy with other 
viral and cellular membrane proteins, assembly is apt to be a 
prerequisite for further transport (13, 72, 84). To determine 
the effects of quaternary interactions on Env antigenic struc- 
ture, we isolated oligomeric Env for immunization and used a 
screening technique which would allow us to identify antibod- 
ies that reacted with nondenatured molecules. To enable 
purification that would not disrupt the oligomeric structure of 
the protein, we designed a secreted form of Env which 
contained all of gpl20 and the entire gp41 ectodomain. To 
prevent dissociation of gpl20 from the gp41 ectodomain 
during isolation, a mutation was introduced to preclude cleav- 
age of the precursor molecule. We and others have shown that 
cleavage is not essential for conformational maturation and 
transport (3, 17, 31). The resulting molecule, noncleaved 




FIG. 7. Analysis of the CD4 blocking ability of MAbs. Metaboli- 
cally labeled, gradient-purified dimeric gpl40 was incubated with an 
excess of MAb overnight. Then trace amounts of metabolically labeled 
sCD4 were added for 1 h, and immunoprecipitation was performed. 
MAbs F105 and 902 were used to show CD4 blocking and lack of 
blocking, respectively. 
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gpl40, was secreted primarily in oligomeric form, consistent 
with reports that have shown the ectodomain of gp41 to be 
largely responsible for subunit assembly, though interactions 
between adjoining gpl20 subunits may occur (19, 62, 81). 

Several lines of evidence suggest that secreted, oligomeric 
gpl40 accurately reflected native Env structure. First, the 
protein was efficiently secreted. Since misfolded molecules are 
typically retained in the endoplasmic reticulum and degraded 
(13, 39, 72), it is unlikely that gpl40 was grossly misfolded. 
Second, gpl40 bound sCD4 as well as the conformation- 
dependent MAb F105 efficiently. Because the CD4 and F105 
binding sites in gp!20 are discontinuous in nature (44, 61, 67), 
the gpl20 portion of the molecule appeared to be relatively 
intact. However, the strongest evidence that purified gpl40 
accurately reflects native Env structure came from analysis of 
the antibodies raised against it in this study. The large majority 
of MAbs recognized Env on the surface of chronically infected 
cells, and 79 of the 138 MAbs recognized conformational 
epitopes in either gpl2() or gp41. These results demonstrate 
that when oligomeric Env is used for immunization, antibodies 
to conformation-dependent epitopes are readily generated and 
suggest that Env tertiary and quaternary structure are impor- 
tant determinants for the humoral response. The large number 
of MAbs to conformational epitopes reported here lend fur- 
ther support to the idea that oligomeric protein elicits a 
qualitatively different immune response than monomeric pro- 
tein (whether native or denatured) and show that it is possible 
to generate a soluble, oligomeric form of Env which reflects 
the native structure of the wild-type protein. Several other 
groups have reported small panels of MAbs produced by 
immunization with a soluble, secreted form of Env similar to 
the one that we have used (56, 65). However, relatively few 
conformation-dependent MAbs were obtained, most likely 
because of the use of ELISA screening procedures that may 
preferentially recognize unfolded protein. 

Preliminary epitope mapping of the 83 MAbs directed 
against gpl20 revealed several interesting features. We noted 
that antibodies to the V3 loop comprised a high percentage of 
MAbs generated from animals immunized and screened with 
monomeric Env compared to oligomeric Env. Thus, 47% (7 of 
15) of the MAbs from animals immunized with monomeric 
Env bound to epitopes in the V3 loop, compared with 7% (8 of 
123) of the MAbs derived from mice immunized with oligo- 
meric protein. This finding suggests that the V3 loop is not as 
immunogenic in the context of oligomeric protein as it is in 
monomeric protein. This is consistent with recent studies 
which have shown that antibodies to the V3 loop are not 
prevalent in human sera (32, 53). While anti-V3 loop antibod- 
ies can be easily generated in the laboratory by immunization 
with peptides or protein and detected in human sera by using 
similar material in ELISA assays (25-28, 40, 47, 52, 56, 58-60, 
63, 69, 74, 76), the contribution of the V3 loop in the overall 
immune response to native oligomeric Env may not be great. 

The C-terminal 109 residues of gpl20 comprised another 
region to which relatively few antibodies were directed. None 
of the 50 antibodies to linear gpl20 epitopes mapped here, 
which was surprising since this region contains an immuno- 
dominant epitope to which antibodies can be detected in 
human sera (37, 41, 45, 64). One explanation for our results is 
that this region may be partially sequestered in the oligomeric 
molecule through interactions with adjoining gpl20 subunits or 
gp41. In fact, there are reports which suggest that the C- 
terminal region of gpl20 interacts with gp41 (33, 50). Antibod- 
ies in human sera to the C-terminal region of gpl20 might arise 
from the presence of shed, monomeric gpl20 which was absent 
from our oligomeric Env preparations. Though present in 



human sera, these antibodies may not react or react weakly 
with oligomeric Env on the surface of virions or infected cells. 
The fact that these antibodies do not neutralize virus or have 
weak neutralizing activity (41, 45, 53, 64) is consistent with this 
model. An alternative explanation for the absence of MAbs to 
the C terminus of gpl20 is that this region is buried in the 
uncleaved gpl40 molecule used for immunization. This possi- 
bility cannot be ruled out by the data presented here. Finally, 
a large number of conformation-dependent anti-gp!20 MAbs 
were found to block sCD4 binding, consistent with reports that 
indicate gpl20 and CD4 interact over a large area representing 
several discontinuous regions of gpl20 (8, 11, 35, 36, 41, 46, 53, 
56, 61, 67, 76, 77, 79). By contrast, none of the conformation- 
independent anti-gpl20 MAbs or anti-gp41 MAbs blocked 
CD4 binding. 

Because of the efficiency with which gpl40 assembled, it was 
not possible to obtain large amounts of monomeric gpl40. As 
a consequence, we cannot determine whether the small num- 
ber of MAbs generated from animals immunized with mono- 
meric gpl40 was due to a relatively weak immune response to 
the monomeric molecule or to differences resulting from less 
pure protein. While additional studies will be required to 
determine whether oligomeric Env elicits a stronger humoral 
response than that seen with monomeric Env, our results do 
demonstrate several important qualitative differences. A very 
strong immune response to gp41 was obtained by immuniza- 
tion with oligomeric Env, as judged by the percentage of 
anti-gp41 MAbs identified. The gp41 ectodomain contained 
26% of the total amino acid content of the protein, and 38% 
(52 of 138) of the MAbs recognized epitopes in this region. 
Analysis of the anti-gp41 MAbs showed that 82% (43 of 52) 
recognized conformational^ sensitive epitopes, a much higher 
proportion than that seen with the anti-gpl20 MAbs. Further- 
more, we have recently found that 60% (21 of 35) of the MAbs 
which recognize gp41 react more strongly with oligomeric than 
monomeric Env or, in some instances, are oligomer specific. In 
addition, some of these MAbs possess neutralizing activity (6). 
These results suggest that the antigenic structure of gp41 is 
critically dependent on both Env tertiary and quaternary 
structure and that the two cannot be dissociated from one 
another. In addition, we have found that a large number of our 
MAbs directed against gpl20 react more strongly with mono- 
meric than oligomeric protein (6). Thus, immunization with 
gpl20, even if it retains native structure, may lead to the 
generation of antibodies which react poorly with oligomeric 
Env on virions and the surface of infected cells. 

In summary, we have constructed a soluble, oligomeric form 
of the HIV-1 Env glycoprotein which reflects native Env 
structure and elicits a diverse array of antibody reactivities, 
particularly antibodies to conformational epitopes. The reper- 
toire of antibodies raised against oligomeric Env is qualita- 
tively different than that raised against monomeric Env. It is 
clear, for example, that Env quaternary structure has signifi- 
cant antigenic implications both in gp41 and gpl20. The large 
number of MAbs that we have generated against gp41, all of 
which immunoprecipitate native protein, should make it pos- 
sible to construct a relatively detailed antigenic map of this 
subunit and to identify regions that are immunogenic and 
conserved and to which neutralizing antibodies are directed. 
These findings, coupled with observations that native Env 
protein elicits neutralizing antibodies more effectively than the 
denatured molecule (30, 75), strongly argue that taking into 
account Env quaternary structure will be important in under- 
standing the humoral response to HIV-1 infection and poten- 
tially for the design of Env subunit preparations which can 
effectively elicit broadly cross-reactive, neutralizing antibodies. 



3024 EARL ET AL. 



J. Virol. 



ACKNOWLEDGMENTS 

We thank Ron Willey and Vanessa Hirsch for antibodies and 
Norman Cooper for cells and viruses. MAb F105, obtained through the 
AIDS Research and Reference Reagent Program, Division of AIDS, 
NIAID, was contributed by Marshall Posner. 

REFERENCES 

1. Allan, J. S., J. E. Coligan, F. Barin, M. F. McLane, J. G. Sodroski, 
C. A. Rosen, W. A. Haseltine, W. A. Lee, and M. Essex. 1985. 
Major glycoprotein antigens that induce antibodies in AIDS 
patients are encoded by HTLV-III. Science 228:1091-1094. 

2. Berkower, I., D. Murphy, C. C. Smith, and G. E. Smith. 1991. A 
predominant group-specific neutralizing epitope of human immu- 
nodeficiency virus type 1 maps to residues 342 to 511 of the 
envelope glycoprotein gpl20. J. Virol. 65:5983-5990. 

3. Berman, P. W., W. M. Nunes, and O. K. Haffar. 1988. Expression 
of membrane-associated and secreted variants of gpl60 of human 
immunodeficiency virus type 1 in vitro and in continuous cell lines. 
J. Virol. 62:3135-3142. 

4. Bosch, M. L., P. L. Earl, K. Fargnoli, S. Picciafuoco, F. Giombini, 
F. Wong-Stahl, and G. Franchini. 1989. Identification of the fusion 
peptide of primate immunodeficiency viruses. Science 244:694- 
697. 

5. Broder, C. C, and E. A. Berger. 1993. CD4 molecules with a 
diversity of mutations encompassing the CDR3 region efficiently 
support human immunodeficiency virus type 1 envelope glycopro- 
tein-mediated cell fusion. J. Virol. 67:913-926. 

6. Broder, C. C, P. L. Earl, D. Long, B. Moss, and R. W. Doms. 
Unpublished data. 

7. Chakrabarti, S. Unpublished data. 

8. Chamat, S., P. Nara, L. Berquist, A. Whalley, J. W. J. Morrow, H. 
Kohler, and C.-Y. Kang. 1992. Two major groups of neutralizing 
anti-gpl20 antibodies exist in HIV-infected individuals. J. Immu- 
nol. 149:649-654. 

9. Chesebro, B., J. Nishio, S. Perryman, A Cann, W. O'Brien, I. S. Y. 
Chen, and K. Wehrly. 1991. Identification of human immunode- 
ficiency virus envelope gene sequences influencing viral entry into 
CD4-positive HeLa cells, T-leukemia cells, and macrophages. J. 
Virol. 65:5782-5789. 

10. Chesebro, B., and K. Wehrly. 1988. Development of a sensitive 
quantitative focal assay for human immunodeficiency virus infec- 
tivity. J. Virol. 62:3779-3788. 

11. Cordell, J., J. P. Moore, C. J. Dean, P. J. Klasse, R. A. Weiss, and 
J. A McKeating. 1991. Rat monoclonal antibodies to nonoverlap- 
ping epitopes of human immunodeficiency virus type 1 gpl20 
block CD4 binding in vitro. Virology 185:72-79. 

12. Dalgleish, A. G., P. C. L. Beverley, P. R. Clapham, D. H. Crawford, 
M. F. Greaves, and R. A Weiss. 1984. The CD4 (T4) antigen is an 
essential component of the receptor of the AIDS retrovirus. 
Nature (London) 312:763-767. 

13. Doms, R. W., R. A. Lamb, J. K. Rose, and A. Helenius. 1993. 
Folding and assembly of viral membrane proteins. Virology 193: 
545-562. 

14. Earl, P. L., R. W. Doms, and B. Moss. 1990. Oligomeric structure 
of the human immunodeficiency virus type 1 envelope glycopro- 
tein. Proc. Natl. Acad. Sci. USA 87:648-652. 

15. Earl, P. L., R. W. Doms, and B. Moss. 1992. Multimeric CD4 
binding exhibited by human and simian immunodeficiency virus 
envelope protein dimers. J. Virol. 66:5610-5614. 

16. Earl, P. L., A. W. Hugin, and B. Moss. 1990. Removal of cryptic 
poxvirus transcription termination signals from the human immu- 
nodeficiency virus type 1 envelope gene enhances expression and 
immunogenicity of a recombinant vaccinia virus. J. Virol. 64:2448- 
2451. 

17. Earl, P. L., S. Koenig, and B. Moss. 1991. Biological and immu- 
nological properties of the human immunodeficiency virus type 1 
envelope glycoprotein: analysis of proteins with truncations and 
deletions expressed by recombinant vaccinia viruses. J. Virol. 
65:31^1. 

18. Earl, P. L., and B. Moss. 1991. Generation of recombinant 
vaccinia viruses, p. 16.17.1-16.17.16. In F. M. Ausubel, R. Brent, 
R. E. Kingston, D. D. Moore, J. G. Seidman, J. A. Smith, and K. 



Struhl (ed.), Current protocols in molecular biology. John Wiley & 
Sons, New York. 

19. Earl, P. L., and B. Moss. 1993. Mutational analysis of the assembly 
domain of the HIV-1 envelope glycoprotein. AIDS Res. Hum. 
Retroviruses 9:589-594. 

20. Earl, P. L., B. Moss, and R. W. Doms. 1991. Folding, interaction 
with GRP78-BiP, assembly, and transport of the human immuno- 
deficiency virus type 1 envelope protein. J. Virol. 65:2047-2055. 

21. Fuerst, T. R., E. G. Niles, F. W. Studier, and B. Moss. 1986. 
Eukaryotic transient-expression system based on recombinant 
vaccinia virus that synthesizes bacteriophage T7 RNA polymerase. 
Proc. Natl. Acad. Sci. USA 83:8122-8126. 

22. Fuller, S. A., M. Takahashi, and J. G. R. Hurrell. 1991. Prepara- 
tion of monoclonal antibodies, p. 11.0.1-11.11.5. In F. M. Ausubel, 
R. Brent, R. E. Kingston, D. D. Moore, J. G. Seidman, J. A. Smith, 
and K. Struhl (ed.), Current protocols in molecular biology. John 
Wiley & Sons, New York. 

23. Gallaher, W. R., J. M. Ball, R. F. Garry, M. C. Griffin, and R. C. 
Montelaro. 1989. A general model for the transmembrane pro- 
teins of HIV and other retroviruses. AIDS Res. Hum. Retrovi- 
ruses 5:431-440. 

24. Gefter, M. L., D. H. Margulies, and M. D. Seharff. 1977. A simple 
method for polyethylene glycol-promoted hybridization of mouse 
myeloma cells. Somatic Cell Genet. 3:231-236. 

25. Gorny, M. K., A. J. Conley, S. Karwowska, A. Buchbinder, J.-Y. 
Xu, E. A. Emini, S. Koenig, and S. Zolla-Pazner. 1992. Neutral- 
ization of diverse human immunodeficiency virus type 1 variants 
by an anti-V3 human monoclonal antibody. J. Virol. 66:7538-7542. 

26. Gorny, M. K., J.-Y. Xu, V. Gianakakos, S. Karwowska, C. Wil- 
liams, H. W. Sheppard, C. V. Hanson, and S. Zolla-Pazner. 1991. 
Production of site-selected neutralizing human monoclonal anti- 
bodies against the third variable domain of the human immuno- 
deficiency virus type 1 envelope glycoprotein. Proc. Natl. Acad. 
Sci. USA 88:3238-3242. 

27. Gorny, M. K., J.-Y. Xu, S. Karwowska, A Buchbinder, and S. 
Zolla-Pazner. 1993. Repertoire of neutralizing human monoclonal 
antibodies specific for the V3 domain of HIV-1 gpl20. J. Immunol. 
150:635-643. 

28. Goudsmit, J., C. Debouck, R. H. Meloen, L. Smit, M. Bakker, 
D. M. Asher, A. V. Wolff, C. J. Gibbs, and D. C. Gajdusek. 1988. 
Human immunodeficiency virus type 1 neutralization epitope with 
conserved architecture elicits early type-specific antibodies in 
experimentally infected chimpanzees. Proc. Natl. Acad. Sci. USA 
85:4478-4482. 

29. Haffar, O. K., D. J. Dowbenko, and P. W. Berman. 1988. Topo- 
genic analysis of the human immunodeficiency virus type 1 enve- 
lope glycoprotein, gpl60, in microsomal membranes. J. Cell Biol. 
107:1677-1687. 

30. Haigwood, N. L., P. L. Nara, E. Brooks, G. A. Van Nest, G. Ott, 
K. W. Higgins, N. Dunlop, C. J. Scandells, J. W. Eichberg, and 
K. S. Steimer. 1992. Native but not denatured recombinant human 
immunodeficiency virus type 1 gpl20 generates broad-spectrum 
neutralizing antibodies in baboons. J. Virol. 66:172-182. 

31. Ha lien berger, S., S. P. Tucker, R. J. Owens, H. B. Bernstein, and 
R. W. Compans. 1993. Secretion of a truncated form of the human 
immunodeficiency virus type 1 envelope glycoprotein. Virology 
193:510-514. 

32. Hariharan, K., P. L. Nara, V. M. Caralli, F. L. Norton, N. 
Haigwood, and C.-Y. Kang. 1993. Analysis of the cross-reactive 
anti-gpl20 antibody population in human immunodeficiency virus- 
infected asymptomatic individuals. J. Virol. 67:953-960. 

33. Helseth, E., U. Olshevsky, C. Furman, and J. Sodroski. 1991. 
Human immunodeficiency virus type 1 gpl20 envelope glycopro- 
tein regions important for association with the gp41 transmem- 
brane glycoprotein. J. Virol. 65:2119-2123. 

34. Ho, D. D., M. S. C. Fung, Y. Cao, X. L. Li, C. Sun, T. W. Chang, 
and N.-C. Sun. 1991. Another discontinuous epitope on glycopro- 
tein gpl20 that is important in human immunodeficiency virus 
type 1 neutralization is identified by a monoclonal antibody. Proc. 
Natl. Acad. Sci. USA 88:8949-8952. 

35. Ho, D. D., M. S. C. Fung, H. Yoshiyama, Y. Cao, and J. E. 
Robinson. 1992. Discontinuous epitopes on gpl20 important in 
HIV-1 neutralization. AIDS Res. Hum. Retroviruses 8:1337-1339. 



Vol. 68, 1994 



MONOCLONAL ANTIBODIES TO OLIGOMERIC HIV-1 Env 3025 



36. Ho, D. D., J. A. McKeating, S. L. Li, T. Moudgil, E. S. Daar, N.-C. 
Sun, and J. E. Robinson. 1991. Conformational epitope on gpl20 
important in CD4 binding and human immunodeficiency virus 
type 1 neutralization identified by a human monoclonal antibody. 
J. Virol. 65:489^193. 

37. Ho, D. D., M. G. Sarngadharan, M. S. Hirsch, R. T. Schooley, T. R. 
Rota, R. C. Kennedy, T. C. Chanh, and V. L. Sato. 1987. Human 
immunodeficiency virus neutralizing antibodies recognize several 
conserved domains on the envelope glycoprotein. J. Virol. 61: 
2024-2028. 

38. Ho, S. N., H. D. Hunt, R. M. Horton, J. K. Pullen, and L. R. Pease. 

1989. Site-directed mutagenesis by overlap extension using the 
polymerase chain reaction. Gene 77:51-59. 

39. Hurtley, S. M., and A. Helenius. 1989. Protein oligomerization in 
the endoplasmic reticulum. Annu. Rev. Cell Biol. 5:277-307. 

40. Javaherian, D., A. J. Langlois, C. McDanal, K. L. Ross, L. I. 
EckJer, C. L. Jellis, A. T. Profy, J. R. Rusche, D. P. Bolognesi, S. D. 
Putney, and T. J. Matthews. 1989. Principle neutralizing domain 
of the human immunodeficiency virus type 1 envelope protein. 
Proc. Natl. Acad. Sci. USA 86:6768-6772. 

41. Karwowska, S., M. K. Gorny, A. Buchbinder, V. Gianakakos, C. 
Williams, T. Fuerst, and S. Zolla-Pasner. 1992. Production of 
human monoclonal antibodies specific for conformational and 
linear non-V3 epitopes of gpl20. AIDS Res. Hum. Retroviruses 
8:1099-1106. 

42. Klatzman, D., E. Champagne, S. Chamaret, J. Gruest, D. Guetard, 
T. Hercend, J. C. Gluckman, and L. Montagnier. 1984. T- 
lymphocyte T4 molecule behaves as the receptor for human 
retrovirus LAV. Nature (London) 312:767-768. 

43. Klinman, D. M., K. S. Steimer, and J. Conover. 1992. Comparative 
immunogenicity of gpl20-derived proteins and their induction of 
anti-V3 loop region antibodies. J. Acquired Immune Defic. Svndr. 
5:1005-1008. 

44. Kowalski, M., J. Potz, L. Basiribour, T. Dorfman, W. C. Goh, E. 
Terwilliger, A. Dayton, C. Rosen, W. Haseltine, and J. Sod ro ski. 

1987. Functional regions of the envelope glycoprotein of human 
immunodeficiency virus type 1. Science 237:1351-1355. 

45. Krowka, J. F., B. Singh, D. P. Stites, V. C. Maine, D. Narindray, H. 
Hollander, S. Jain, H. Chen, L. Blackwood, and K. Steimer. 1991. 
Epitopes of human immunodeficiency virus type 1 (HIV-1) enve- 
lope glycoproteins recognized by antibodies in the sera of HIV-1 
infected individuals. Clin. Immunol. Immunopathol. 59:53-64. 

46. Lake, D. F., T. Kawamura, T. Tomiyama, W. E. J. Robinson, Y. 
Matsumoto, Y. Masuho, and E. M. Hersh. 1992. Generation and 
characterization of a human monoclonal antibody that neutralizes 
diverse HIV-1 isolates in vitro. AIDS 6:17-24. 

47. Laman, J. D., M. M. Schellekens, Y. H. Abacioglu, G. K. Lewis, M. 
Tersmette, R. A. M. Fouchier, J. P. M. Langedijk, E. Claassen, 
and W. J. A. Boersma. 1992. Variant-specific monoclonal and 
group-specific polyclonal human immunodeficiency virus type 1 
neutralizing antibodies raised with synthetic peptides from the 
gpl20 third variable domain. J. Virol. 66:1823-1831. 

48. Lasky, L. A., J. E. Groopman, C. W. Fennie, P. M. Benz, D. J. 
Capon, D. J. Dowbenko, G. R. Nakamura, W. M. Nunes, M. E. 
Renz, and P. W. Herman. 1986. Neutralization of the AIDS 
retrovirus by antibodies to a recombinant envelope glycoprotein. 
Science 233:209-212. 

49. Layne, S. P., M. J. Merges, M. B. Dembo, J. L. Spouge, and P. L. 
Nara. 1990. HIV requires multiple gpl20 molecules for CD4- 
mediated infection. Nature (London) 346:277-279. 

50. Lopalco, L., R. Longhi, F. Ciccomascolo, A. D. Rossi, M. Pelagi, F. 
Anfornico, J. P. Moore, T. Schulz, A. Beretta, and A. G. Siccardi. 
1993. Identification of human immunodeficiency virus type 1 
glycoprotein gpl20/gp41 interacting sites by the idiotypic mimicry 
of two monoclonal antibodies. AIDS Res. Hum. Retroviruses 
9:33-39. 

51. Markwell, M. A. K. 1982. A new solid-state reagent to iodinate 
proteins. Anal. Biochem. 125:427^32. 

52. Matsushita, S„ M. Robert-Guroff, J. Rusche, A. Koito, T. Hattori, 
H. Hoshino, K. Javaherian, K. Takatsuke, and S. Putney. 1988. 
Characterization of a human immunodeficiency virus neutralizing 
monoclonal antibody and mapping of the neutralizing epitope. J. 
Virol. 62:2107-2114. 



53. Moore, J. P., and D. D. Ho. 1993. Antibodies to discontinuous or 
conformational^ sensitive epitopes on the gpl20 glycoprotein of 
human immunodeficiency virus type 1 are highly prevalent in sera 
of infected humans. J. Virol. 67:863-875. 

54. Moore, J. P., J. A. McKeating, W. A. Norton, and Q. J. Sattentau. 
1991. Direct measurement of soluble CD4 binding to human 
immunodeficiency virus type 1 virions: gpl20 dissociation and its 
implications for virus-cell binding and fusion reactions and their 
neutralization by soluble CD4. J. Virol. 65:1133-1140. 

55. Myers, G., J. A. Berzovsky, B. Korber, R. F. Smith, and G. N. 
Pavlakis (ed.). 1992. Human retroviruses and AIDS. A compila- 
tion and analysis of nucleic acid and amino acid sequences. 
Theoretical Biology and Biophysics Group T-10, Los Alamos 
National Laboratory, Los Alamos, N.Mex. 

56. Nakamura, G. R., R. Byrn, K. Rosenthal, J. P. Porter, M. R. 
Hobbs, L. Riddle, D. J. Eastman, D. Dowbenko, T. Gregory, B. M. 
Fendly, and P. W. Berman. 1992. Monoclonal antibodies to the 
extracellular domain of HIV-1 IIIB gpl60 that neutralize infectiv- 
ity, block binding to CD4, and react with diverse isolates. AIDS 
Res. Hum. Retroviruses 8:1875-1885. 

57. Nara, P. L., R. R. Garrity, and J. Goudsmit. 1991. Neutralization 
of HIV-1: a paradox of humoral proportions. FASEB J. 5:2437- 
2455. 

58. Neurath, A. R., and N. Strick. 1990. Confronting the hypervara- 
bility of an immunodominant epitope eliciting virus neutralizing 
antibodies from the envelope glycoprotein of the human immu- 
nodeficiency virus type 1 (HIV-1). Mol. Immunol. 27:539-549. 

59. Neurath, A. R., N. Strick, and E. S. Y. Lee. 1990. B cell epitope 
mapping of human immunodeficiency virus envelope glycopro- 
teins with long (19- to 36-residue) synthetic peptides. J. Gen. 
Virol. 71:85-95. 

60. Ohno, T., M. Terada, Y. Yoneda, K. W. Shea, R. F. Chanbers, 
D. M. Stoka, M. Nakamura, and D. W. Kufe. 1991. A broadly 
neutralizing monoclonal antibody that recognizes the V3 region of 
human immunodeficiency virus type 1 glycoprotein gpl20. Proc. 
Natl. Acad. Sci. USA 88:10726-10729. 

61. Olshevsky, U., E. Helseth, C. Furman, J. Li, W. Haseltine, and J. 
Sodroski. 1990. Identification of individual human immunodefi- 
ciency virus type 1 gpl20 amino acids important for CD4 receptor 
binding. J. Virol. 64:5701-5707. 

62. Owens, R. J., and R. W. Compans. 1990. The human immunode- 
ficiency virus type 1 envelope glycoprotein acquires aberrant 
intermolecular disulfide bonds that may prevent normal proteo- 
lytic processing. Virology 179:827-833. 

63. Page, M., C. Vella, T. Corcoran, P. Dilger, C. Ling, A. Heath, and 
R. Thorpe. 1992. Restriction of serum antibody reactivity to the V3 
neutralizing domain of HIV gpl20 with progression to AIDS. 
AIDS 6:441^146. 

64. Palker, T. J., T. J. Matthews, M. E. Clark, G. J. Cianciolo, R. R. 
Randall, A. J. Langlois, G. C. White, B. Safai, R. Snyderman, D. P. 
Bolognesi, and B. F. Haynes. 1987. A conserved region at the 
COOH terminus of human immunodeficiency virus gpl20 enve- 
lope protein contains an immunodominant epitope. Proc. Natl. 
Acad. Sci. USA 84:2479-2483. 

65. Pasquali, J.-L., M.-P. Kieny, H. Kolbe, D. Christmann, and A.-M. 
Knapp. 1990. Immunogenicity and epitope mapping of a recom- 
binant soluble gpl60 of the human immunodeficiency virus type 1 
envelope glycoprotein. AIDS Res. Hum. Retroviruses 6:1107- 
1113. 

66. Pinter, A., W. J. Honnen, S. A. Tilley, C. Bona, H. Zaghouani, 
M. K. Gorny, and S. Zolla-Pazner. 1989. Oligomeric structure of 
gp41, the transmembrane protein of human immunodeficiency 
virus type 1. J. Virol. 63:2674-2679. 

67. Posner, M. R., T. Hideshima, T. Cannon, M. Mukherjee, K. H. 
Mayer, and R. A. Byrn. 1991. An IgG human monoclonal antibody 
that reacts with HIV-l/gpl20, inhibits virus binding to cells, and 
neutralizes infection. J. Immunol. 146:4325^-332. 

68. Poumbourios, P., D. A. McPhee, and B. E. Kemp. 1992. Antibody 
epitopes sensitive to the state of human immunodeficiency virus 
type 1 gp41 oligomerization map to a putative alpha-helical region. 
AIDS Res. Hum. Retroviruses 8:2055-2062. 

69. Profy, A. T., P. A. Salinas, L. I. Eckler, N. M. Dunlop, P. Nara, and 
S. Putney. 1990. Epitopes recognized by the neutralizing antibod- 



3026 EARL ET AL. 



J. Virol. 



ies of an HIV-1 infected individual. J. Immunol. 144:4641-4647. 

70. Ratner, L., W. Haseltine, R. Patarca, K. J. Livak, B. Starcich, S. F. 
Josephs, E. R. Doran, J. A. Ra fa I ski, E. A. White horn, K. 
Baumeister, L. Ivanoff, S. R. Petteway, M. L. Pearson, J. A. 
Lautenberger, T. S. Papas, J. Ghrayeb, N. T. Chang, R. C. Gallo, 
and F. Wong-Stahl. 1984. Complete nucleotide sequence of the 
AIDS virus, HTLV-III. Nature (London) 313:277-284. 

71. Robey, W. G., L. O. Authur, T. J. Matthews, A. Langlois, T. D. 
Copeland, N. W. Lerche, S. Oroszlan, D. P. Bolognesi, R. V. 
Gilden, and P. J. Fishinger. 1986. Prospect for prevention of 
human immunodeficiency virus infection: purified 120-kDa enve- 
lope glycoprotein induces neutralizing antibody. Proc. Natl. Acad. 
Sci. USA 83:7023-7027. 

72. Rose, J. K., and R. W. Doms. 1988. Regulation of protein export 
from the endoplasmic reticulum. Annu. Rev. Cell Biol. 4:257-288. 

73. Schawaller, M., C. E. Smith, J. J. Skehel, and D. C. Wiley. 1989. 
Studies with cross-linking reagents on the oligomeric structure of 
the env-glycoprotein of HIV. Virology 172:367-369. 

74. Skinner, M. A., A. J. Langlois, C. B. McDanal, S. McDougal, D. P. 
Bolognesi, and T. J. Matthews. 1988. Neutralizing antibodies to an 
immunodominant envelope sequence do not prevent gpl20 bind- 
ing to CD4. J. Virol. 62:4195^200. 

75. Steimer, K. S., and N. L. Haigwood. 1992. HIV-1 gpl20 as a 
subunit vaccine, 313-347. In W. C. Koff, F. Wong-Staal, and R. C. 
Kennedy, AIDS research reviews. Marcel Dekker, New York. 

76. Steimer, K. S., C. J. Scandella, P. V. Skiles, and N. L. Haigwood. 
1991. Neutralization of divergent HIV-1 isolates by conformation- 
dependent human antibodies to gpl20. Science 254:105-108. 

77. Thali, M., U. Olshevsky, C. Furman, D. Gabuzda, M. Posner, and 
J. Sodroski. 1991. Characterization of a discontinuous human 



immunodeficiency virus type 1 gpl20 epitope recognized by a 
broadly reactive neutralizing human monoclonal antibody. J. 
Virol. 65:6188-6193. 

78. Thomas, D. J., J. S. Wall, J. F. Hainfeld, M. Kaczorek, F. P. Booy, 
B. L. Tins, F. A. Eiserling, and A C. Steven. 1991. gpl60, the 
envelope glycoprotein of human immunodeficiency virus type 1, is 
a dimer of 125-kilodalton subunits stabilized through interactions 
between their gp41 domains. J. Virol. 65:3797-3803. 

79. Tilley, S. A., W. F. Honnen, M. Racho, M. Hilgartner, and A. 
Pinter. 1991. A human monoclonal antibody against the CD4 
binding site of HIV-1 gpl20 exhibits potent, broadly neutralizing 
activity. Res. Virol. 142:247-259. 

80. Veronese, F. D., A. L. D. Vico, T. D. Copeland, S. Oroszlan, R. C. 
Gallo, and M. G. Sarngadharan. 1985. Characterization of gp41 as 
the transmembrane protein coded by the HTLV-II I/LAV enve- 
lope gene. Science 229:1402-1405. 

81. Weiss, C. D., J. A. Levy, and J. M. White. 1990. Oligomeric 
organization of gpl20 on infectious human immunodeficiency 
virus type 1 particles. J. Virol. 64:5674-5677. 

82. Wiley, D. C, and J. J. Skehel. 1987. The structure and function of 
the hemagglutinin membrane glycoprotein of influenza virus. 
Annu. Rev. Biochem. 56:365-394. 

83. Willey, R. L., J. S. Bonifacino, B. J. Potts, M. A. Martin, and R. D. 
Klaus ner. 1988. Biosynthesis, cleavage and degradation of the 
human immunodeficiency virus 1 envelope glycoprotein gpl60. 
Proc. Natl. Acad. Sci. USA 85:9580-9584. 

84. Willey, R. L., T. Klimkait, D. M. Frucht, J. S. Bonifacino, and 
M. A. Martin. 1991. Mutations within the human immunodefi- 
ciency virus type 1 gpl60 envelope glycoprotein alter its intracel- 
lular transport and processing. Virology 184:319-329. 



EXHIBIT 3 



J. Mol. Biol. (1997) 267, 684^695 



JMB 




Mapping the Protein Surface of Human 
Immunodeficiency Virus Type 1 gp120 using Human 
Monoclonal Antibodies from Phage Display Libraries 

Henrik J. Ditzel 1 3 , Paul W. H. I. Parren 1 , James M. Binley 1 4 
Joseph Sodroski 5 , John P. Moore 4 , Carlos F. Barbas III 2 
and Dennis R. Burton 1 2 * 



1 Departments of Immunology 
and ^Molecular Biology 
The Scripts Research Institute 
La Jolla, CA, 92037, USA 

3 Department of Medical 
Microbiology, Odense 
University Medical School 
Odense, and Department of 
Clinical Immunology 
Copenhagen University 
Hospital, Rigshospitalet 
Copenhagen, Denmark 

4 Aaron Diamond AIDS 
Research Center, New York 
University School of Medicine 
New York, NY, 10016, USA 

^Division of Human 
Retrovirology , Dana-Farber 
Cancer Institute, Boston, MA 
02115, USA 

^Corresponding author 



Panels of hybridoma-derived monoclonal antibodies against diverse epi- 
topes are widely used in defining protein surface topography, particu- 
larly in the absence of crystal or NMR structural information. Here we 
show that recombinant monoclonal antibodies from phage display 
libraries provide a rapid alternative for surface epitope mapping. Diverse 
epitopes are accessed by presenting antigen to the library in different 
forms, such as sequential masking of epitopes with existing antibodies or 
ligands prior to selection and selection on peptides. The approach is illus- 
trated for a recombinant form of the human immunodeficiency virus 
type 1 (HIV-1) surface glycoprotein gpl20 which has been extensively 
mapped by rodent and human monoclonal antibodies derived by cellular 
methods. Human recombinant Fab fragments to most of the principal 
epitopes on gpl20 are selected including Fabs to the CI region, a C1/C5 
epitope, a C1/C2 epitope, the V2 loop, the V3 loop and the CD4 binding 
domain. In addition an epitope linked to residues in the V2 loop and 
CD4 binding domain is identified. 



© 1997 Academic Press Limited 

Keywords: human antibody repertoires; epitope mapping; HIV infection; 
combinatorial libraries; gpl20 topology 



Introduction 

Some proteins do not yield readily to structural 
solution by the classical approaches of crystallogra- 
phy or nuclear magnetic resonance (NMR) spec- 
troscopy. The surface glycoprotein gpl20 of the 
human immunodeficiency virus type 1 (HIV-1) is 
such a protein. Crystallization is hindered by its 
high carbohydrate content (about 50%) and NMR 
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structural studies by its relatively large size. Still 
there is an urgent need for structural information 
on the molecule. For instance such information 
would be valuable in understanding the nature of 
the gpl20-CD4 and gpl20-chemokine receptor 
interaction which is key to viral entry in to cells. 
Furthermore the molecule is important in eliciting 
neutralizing antibodies and so its structure has 
many implications for vaccine design. 

Comparison of gpl20 sequences from different 
HIV-1 strains has identified five variable domains 
(VI to V5; Mod row et ah, 1987; Starcich et ah, 
1986), of which the first four form disulphide- 
stabilized loops, and five conserved domains (CI 
to C5). Computer modeling has further been used 
to suggest the location of secondary structural 
elements in gpl20 (Gallaher et ah, 1995). Detailed 
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information on the tertiary and quaternary struc- 
tures of the native protein, however, are unavail- 
able. 

The surface topography of a protein can be 
examined through the study of panels of mono- 
clonal antibodies reactive with the protein. Whilst 
such a study provides a view at far lower resol- 
ution than crystallography or NMR it can never- 
theless be useful. For example, using a large panel 
of mostly rodent and some human monoclonal 
antibodies (mAbs), a low resolution model of 
gpl20 has been constructed (Moore et aL, 1993b; 
Moore et aL, 1994a,b; Wyatt et aL, 1992; Moore & 
Sodroski, 1996). 



Phage display libraries provide a rapid route to 
large numbers of mAbs from immune donors (Bur- 
ton & Barbas, 1994; Burton et aL, 1991). In the case 
of recombinant monomeric gpl20 as the selecting 
antigen, antibodies of notable sequence diversity 
have been retrieved but the great majority are di- 
rected to a series of related epitopes on the CD4 
binding domain (CD4bd) of gpl20 (Barbas et aL, 
1993). In part this probably reflects the fact that the 
CD4bd is a major target for serum antibodies to 
gpl20 in HIV-1 seropositive individuals (Moore & 
Ho, 1995). The relative conservation of this site is 
likely to be another factor favoring the observed 
bias to this site since the great variability of HIV-1 
means that the libraries are challenged with a 
gpl20 different to the immunizing antigen (we 
used mostly gpl20 from the LAI strain for library 
selection). Epitopes associated with the variable 
loops, for example, are less conserved than CD4bd- 
associated epitopes so it is less likely that Fabs to 
the variable regions of gpl20 will be isolated when 
heterologous gpl20 is used for selection. 



Results 

Previously, eight HIV-1 libraries have been 
panned on recombinant gpl20 coated directly to 
microtiter wells which resulted in the isolation of a 
panel of Fab fragments specific for the gpl20 
CD4bd. Additional Fab fragments directed against 
a CD4bd/V2 loop-sensitive epitope have been re- 
trieved after masking of CD4bd epitopes with an 
anti-CD4bd mAb. 



Epitope masking by capturing the antigen 
using antibody or ligand 

The first strategy employed masking of CD4bd 
epitopes by capturing gpl20 either by soluble CD4 
or an anti-gpl20 CD4bd mAb immobilized on 
solid phase. Selection of the libraries on soluble 
CD4-captured gpl20 resulted in the isolation of 
three novel Fab fragments (Fab p7, p20 and p35). 
Panning on gpl20 captured by the anti-CD4bd 
mAb yielded ten additional Fab fragments (Fab 
L15, L17, L19, L25, L34, L35, L52, L59, L69 and 
L81). The specificity of the different Fab fragments 
was demonstrated by their strong ELISA reactivity 
with gpl20, but not with ovalbumin, human Fc 
fragment, transferrin or bovine serum albumin 
(BSA). The 13 Fab fragments were demonstrated to 
be diverse by sequence analysis of the variable re- 
gions of the heavy and light chains. As shown in 
Figure 1, the sequences of the heavy chain CDR3s 
were unrelated except for Fab L59 and L69, for 
which the whole heavy chain variable domain se- 
quences differed by only seven amino acid resi- 
dues from one another and which therefore may 
be somatic variants. 

To determine which epitopes are recognized by 
the Fabs, we assessed their binding to a panel of 
HXBc2 gpl20 mutants expressed in COS-1 cells. 
Binding of Fab p7, p20 and p35 revealed that all 
three Fabs are directed to closely related epitopes 
located in the N- terminal region of gpl20. As 
shown in Figure 2(a), the binding of Fab p7 was 
completely abolished by amino acid substitution 45 
W/S in the CI region. Binding of Fab p7 was 
further markedly reduced by amino acid substi- 
tution 40 Y/D, and showed some dependency on 
substitutions at the C terminus of gpl20, as de- 
monstrated by decreased or enhanced binding by 
substitutions 475 M/S and 493 P/K. Very similar 
mutant maps were found for Fabs p20 and p35 
(not shown). 

The Fabs selected on gpl20 captured by the 
anti-CD4bd mAb recognize four distinct epitope 
clusters. The majority of Fabs (i.e. L19, L34, L35, 
L52, L59, and L69) recognize a CI epitope very 
similar to that recognized by Fabs p7, p20 and 
p35, as described above. A second epitope invol- 
ving the CI and C5 regions is recognized by Fab 
L81 (Figure 2). The binding of Fab L81 is abol- 
ished by a substitution in the CI region (45 W/S) 
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Figure 1. Amino acid sequences of 
the heavy chain CDR3 region and 
adjacent framework regions of anti- 
gp!20 Fabs. 



and is also abolished by a mutation in C5 (491 1/ 
F), and is strongly impaired by a substitution in C3 
(349 L/A). 

A third epitope group of two Fabs (Fab LI 5 and 
LI 7) isolated by selection on ant-CD4bd mAb-cap- 
tured gpl20 is specific for the V2 loop. As shown 
in Figure 2, substitutions in or deletion of the VI/ 
V2 loops abolished binding of Fab LI 5 to gpl20. 
Fab LI 5 further competed with rodent anti-V2 
mAbs SC258 (Figure 3(a)), CRA3, G3-4, G3-136, 
BAT-085 and 52-684 (data not shown) but not with 
anti-gpl20 mAbs directed to other epitopes 
(Figure 3(a)). The binding pattern of Fab LI 7 is 
very similar to that observed for Fab L15 (not 
shown). 

The fourth epitope group obtained by CD4bd- 
captured gpl20 selection consists of the single anti- 
body, Fab L25. The binding of this antibody to the 
panel of gpl20 mutants demonstrated a sensitivity 
to substitutions in residues associated with the 
CD4 binding site and the V2 loop (Figure 2) as also 
observed for three previously described human 
Fabs (Ditzel et ah, 1995). Furthermore, Fab L25 
competed for binding to gpl20 with murine anti- 
V2 mAb SC258 (Figure 3(a)). This Fab is therefore 
directed to an epitope which we have termed the 
CD4bd/V2 loop-sensitive epitope. 



Multiple epitope masking 



After selecting the pooled phage-display libraries 
for four rounds, two gpl20 specific Fab fragments 
were isolated. Heavy chain sequence analysis 
identified one as anti-V2 loop Fab LI 7. The other 
represented a novel antibody, Fab L100 (Figure 1), 
which was found to bind to an epitope involving 
the CI and C2 regions (Figure 2). Substitutions 69 
W/L and 76 P/Y abolish the binding of Fab L100 
implying that the antibody binds to a part of the 
CI region distinct from that recognized by the 



masking antibody, Fab p7. Substitutions 252 R/W, 
256 S/Y, 262 N/T and 267 E/L abolish or strongly 
impair the binding of Fab LI 00, indicating direct or 
indirect involvement of the C2 region in the epi- 
tope recognized. 

Selection on peptides 



Two neutralizing Fab fragments 
were selected. The first anti-V3 antibody, Fab loop 
2, obtained by panning against the cyclic V3 loop 
peptide has been described (Barb as et ah, 1993). 
Fab loop 2 recognizes gpl20 from HIV-1 strains 
MN and SF2 but not LAI. The second antibody, 
Fab DO142-10, was selected by panning against 
the RP142 peptide. The same Fab was also re- 
trieved by panning against recombinant gpl20 
MN. To probe antigen specificity, Fab DO142-10 
was tested for binding against a number of V3 
loop peptides, recombinant gpl20 proteins and un- 
related antigens. As shown in Figure 4(a), Fab 
DO142-10 bound equally well to the RP142 peptide 
and gpl20 MN, which were both used as selecting 
antigens. Lower binding affinities were observed 
with the PND peptide, a JR-CSF V3 loop fusion 
protein and a recombinant gpl20 from primary 
isolate W61D. Fab DO142-10 did not bind appreci- 
ably to recombinant gpl20 LAI or to a panel of un- 
related antigens which included BSA, the Fc 
fragment of IgG and ovalbumin. Fab DO142-10 
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Figure 2(b) 

Figure 2. (a) Relative binding of human recombi- 
nant Fabs to selected HIV-1 LAI gpl20 (HXBc2) 
mutants. The primary sequence of gpl20 is shown 
as a disulphide map. The position of putative re- 
linked carbohydrate attachment sites are indicated 
schematically. Only mutations abolishing binding 
(closed ovals; binding ratio <0.2), decreasing binding 
(open ovals; binding ratio <0.5) or enhancing bind- 
ing (open rectangles; binding ratio >2.0) of Fabs are 
indicated by superposition of oval or rectangle sym- 
bols on the primary sequence. The hatched region 
including VI and V2 loops in the bottom two 
maps indicates strong impairment of Fab binding 
upon deletion of these loops. Mutations at positions 
that did not affect the binding of the Fabs shown 
are not indicated. Fab binding to the gpl20 mutant 
panel was repeated three times with similar results. 
The following mutants were included in the panel 
tested: 36V/L, 40Y/D, 45W/S, 69W/L, 76P/Y, 80N/ 
R, 88N/P, 102E/L, 103Q/F, 106E/A, 113D/A, 
113D/R, 117K/W, 120/121VK/LE, 125L/G, A119-205 
(V2), 152/153GE/SM, 168K/L, 176/177 FY/AT, 179/ 
180LD/DL, 191/193YSL/GSS, 207K/W, 252R/W, 
256S/Y, 257T/R, 262N/T, 166A/E, 267E/L, 169E/L, 
281A/V, 298R/G, 313P/S, 314G/W, 356N/I, 368D/ 
R, 368D/T, 370E/R, 370E/Q, 380G/F, 381E/P, 
384Y/E, 386N/Q, 392N/E + 397N/E, 395W/S, 
406N/G, 420I/R, 421K/L, 427W/V, 427W/S, 429K/ 
L, 430V/S, 432K/A, 433K/A, 435Y/H, 435Y/S, 
438P/R, 456R/K, 457D/A, 457D/R, 463N/D, 470P/ 
L, 470P/G, 475M/S, 477D/V, 485K/V, 491I/F, 
493P/K, 495G/K, 500/501 KA/KG. (b) A schematic 
model for gpl20 structure. The diagram was 
adapted from Burton & Montefiori (1997), Sodroski 
et ah (1996), and Poignard et al. (1996). Extensive 
glycosylation is schematically indicated by Y-shaped 
protrusions. The CI and C5 regions are accessible 
on monomeric gpl20 but buried on native gpl20 
on the viral surface, probably by interaction with 
the transmembrane envelope glycoprotein gp41. 
gpl20-gp41 heterodimers are present in the form of 
oligomers, probably trimers, on the cell or virion 
surface. The VI /V2, V3 regions and the CD4 bind- 
ing site are accessible to antibody on monomeric 
gpl20. These antigenic sites are less accessible, how- 
ever, on gpl20 in oligomeric configuration on the 
envelope of T-cell line adapted HIV-1, and exposure 
of the V3 region and CD4 binding site in particular 
are highly restricted on the envelope of primary 
viruses. 



was also tested for binding to gpl20 captured from 
a set of viral culture supernates which included 
HIV-1 AD6, JR-FL, AM, MN, SF2, 146, NYC-1, 
120, and 437. Strong binding was observed to 
gpl20 from HIV-1 MN and JR-FL, lesser binding to 
SF2 gpl20 and no binding to the other gpl20s 
(Figure 4(b)). 

With respect to the VI loop of gpl20, we panned 
selected libraries against four linear 26-mer pep- 
tides corresponding to the sequences of the VI re- 
gion of gpl20 from LAI and three primary isolates 
(case B, RA and VS). Serum titers of all eight li- 
brary donors to the peptides were weak (<1:50), 
and no VI -specific clones were isolated from the 
human libraries or from a library prepared from 
bone marrow of a chimpanzee infected with HIV-1 
LAI. 

Further characterization of the N-terminal (C1) 
reactive Fab fragments 

The selection experiments yielded Fabs to more 
than one epitope involving the CI region. These 
Fabs were not retrieved by selection on gpl20 di- 
rectly coated to the solid phase. We decided to in- 
vestigate these Fabs in more detail. The Fabs were 
cross-competed with a panel of rodent and human 
mAbs which included mAb M85 directed against a 
linear epitope in the extreme N-terminal region of 
gpl20, mAbs M90 and 212A directed to different 
conformational epitopes in the N-terminal region, 
mAb M91 directed to a linear epitope in the C5 C- 
terminal region, and mAb G3-299 directed to the 
C4/V3 region (Figure 3(b)). The Fabs isolated by 
selection on soluble CD4-cap hired gpl20 (Fab p7, 
p20 and p35) and mapped to a CI region epitope 
competed with mAbs M85, M90 and 212A, but not 
mAbs M91 and G3-299. Fabs L52, L69, L34 and 
L35 retrieved by CD4bd antibody-captured gpl20 
showed a similar competition pattern as the p7 
group. Fab LI 9 exhibited a broadly similar pattern 
but showed some inhibition of mAbs M91 and G3- 
299 and inhibited mAb M90 less efficiently. Bind- 
ing of Fab L81, which was mapped to a C1/C5 re- 
gion epitope, was inhibited by N-terminal reactive 
antibodies and mAb M91 directed against a C- 
terminal gpl20 epitope. Fab LI 00 directed against 
the C1/C2 region did inhibit mAb M90 efficiently 
but not mAbs M85, 212A and M91. Some inhi- 
bition of the anti-C4 antibody G3-299 was also ob- 
served. The antibody inhibition studies are 
therefore consistent with the mutant mapping stu- 
dies in identifying Fabs recognizing three distinct 
epitopes all involving the N terminus of gpl20. 

To elucidate why the extensive panel of CI re- 
gion reactive Fabs was not retrieved by selection 
with directly immobilized gpl20, the Fabs were 
tested for binding to gpl20 either coated to micro- 
titer wells or captured by a sheep antibody 
(D7324) to the extreme C terminus of gpl20. Inter- 
estingly, the CI region reactive Fab fragments p7, 
p20, p35 and L19 did not bind to gpl20 coated di- 
rectly on the microtiter well (Figure 5(a)) (Fab p20 
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Figure 3. Competition between Fabs (a) directed to a diverse set of epitopes and (b) directed to overlapping N-term- 
inal epitopes, with panels of rodent or human anti-gpl20 mAbs. The epitope specificity of the human or rodent anti- 
bodies is specified between parenthesis. Bound rodent or human mAb (in a concentration giving 75% maximum 
binding) to gpl20 LAI competed with the human Fab fragments at a concentration 100 times that giving 75% maxi- 
mum binding in previous titration experiments was detected with AP-labeled anti-mouse IgG, anti-rat or anti-human 
IgG Fc antibody. Binding is expressed in %, with the A 405 of uncompeted antibody set as 100%. 



and p35 not shown). Other Fabs mapped to CI, 
such as Fab L69, in contrast, bound to gpl20 in 
both assay formats, although the binding to cap- 
tured gpl20 was considerably stronger (Figure 5 
(a and b). CD4bd and V2 loop Fabs bound simi- 
larly to gpl20 in both formats. This indicates that 
gpl20 directly immobilized on to a microtiter well 
coats in an orientation which occludes part of the 
N-terminal region of the molecule. 



We further examined whether Fab p7, p20 and 
p35 had higher affinity for captured gpl20-CD4 
complexes as compared to uncomplexed gpl20. 
The Fabs bound efficiently in both cases. However, 
a small but significant increase in binding was seen 
to the CD4-complexed gpl20, especially for Fabs 
p20 and p35 (data not shown). 

To determine if the anti-Cl region Fabs recog- 
nized linear epitopes on gpl20, gp!20 was de- 
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Figure 4. Binding of the anti-V3 region Fab DO142-10 
to: a, a panel of V3 peptides, recombinant gpl20 pro- 
teins and unrelated antigens; b, gpl20 captured from a 
panel of HIV-1 culture supernates using a polyclonal 
sheep antibody to the C terminus of gpl20. 



natured and captured by either anti-V3 mAb D47 
or polyclonal antibody D7324. As shown in 
Figure 6, the binding of Fab p7 was reduced by de- 
naturation but not completely abrogated. Similar 
observations were found for the other anti-Cl 
Fabs. As a control, antibody IIIB-V3-13, recogniz- 
ing a linear epitope in the V3 region, was run in 
parallel and was found to bind approximately 
equivalently to both native and denatured gpl20 
(data not shown) as reported (Moore et ah, 1994a). 

Fab affinity for recombinant gp120 

The binding of a panel of selected Fabs to recom- 
binant HIV-1 gpl20 LAI and MN was measured 
by surface plasmon resonance using the BIAcore as 
shown in Table 1. Fabs p7 and L19 exhibited very 
weak binding to sensor chip-immobilized HIV-1 
LAI gpl20 and binding kinetics were therefore 
measured with an HIV-1 LAI gpl40 oligomer. Affi- 
nities for all the studied Fabs were in the range of 
3 x 10 7 to 4 x 10 9 M~\ 



Virus neutralization 

Purified Fabs from each of the clones in the panel 
were initially examined for neutralizing ability in 
infectivity assays employing the MN and LAI 
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Figure 5. Binding of recombinant Fabs to: a, recombi- 
nant gpl20 LAI directly coated on microtiter wells; or b, 
gpl20 LAI captured by a polyclonal sheep antibody to 
the extreme C-terminus of gp!20. 



strains of HIV-1. Neutralization was determined as 
the ability of the Fab fragments to inhibit infection, 
as measured by a plaque reduction assay using MT- 
2 cells and syncytium formation using CEM-SS 
cells. In both assays none of the Fab fragments 
mapped to epitopes involving CI, including Fab 
LI 00, were neutralizing (data not shown). Anti-V2 
loop Fab LI 5 also exhibited no neutralization. The 
CD4bd/V2 loop-sensitive Fab L25 showed only 
weak neutralization (data not shown). In contrast, 
in the plaque reduction assay, the syncytium inhi- 
bition assay and in an envelope-complementation 
neutralization assay, Fab DO 142- 10 demonstrated 
potent neutralization of HIV-1 MN with 50% neu- 
tralization titers at 0.2, 7 and 2 ug/ml, respectively. 
Weaker neutralization was observed against HIV-1 
LAI, with 50% neutralization titers at 6, 8 and 8 ug/ 
ml, respectively. The other V3 loop antibody, Fab 
loop 2, also potently neutralized HIV-1 MN with 
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Figure 6. Binding curves of Fab p7 (anti-gpl20 CI 
region) to native and denatured gpl20 LAI captured on 
polyclonal anti-C terminal anti-gpl20 antibody D7324 or 
anti-V3 loop mAb D47. 



50% neutralization titers at 1, 5 and 2 ug/ ml, re- 
spectively. Fab loop 2 did not neutralize HIV-1 LAI. 

Discussion 

Construction and selection of antibody phage 
display libraries offers an efficient route to obtain 
mAbs, including human antibodies (Burton & 
Barbas, 1994; Winter et ah, 1994). Considerable 
efforts have focussed on creating larger and more 
diverse naive or synthetic libraries where most re- 
ports describe the isolation of one or two anti- 
bodies to a given antigen. For some applications, 
including protein mapping, however, it may be 
essential to obtain antibodies to a range of epi- 
topes. This may require more than simple selection 
of the library against the antigen of interest. Here 
we describe selection procedures leading to the iso- 
lation of an extended set of specificities to a single 
antigen. The antigen investigated is the HIV-1 sur- 
face glycoprotein gpl20, which is a well character- 
ized molecule with several advantages for this 



study. These include the availability of many ro- 
dent and human mAbs to the molecule, synthetic 
peptides corresponding to linear epitopes of the 
molecule and an extensive set of mutant molecules. 
All of these resources assist in demonstrating the 
specificities of the antibodies retrieved from li- 
braries. The approach described, however, should 
be generally applicable even in the absence of such 
resources. 

Selection of HIV-1 immune libraries against re- 
combinant gpl20 yields overwhelmingly anti- 
bodies reactive with the CD4bd (Barbas et ah, 
1993). One strategy to refocus selection was to cap- 
ture gpl20 on soluble CD4. This resulted in selec- 
tion of Fabs reactive with an epitope overlapping 
the N- terminal (CI) region of gpl20, a site which 
was shown by ELISA to be mostly occluded on 
gpl20 coated directly onto plastic. These antibodies 
did bind to gpl20 in the absence of soluble CD4, 
although some moderate enhancement of binding 
in the presence of the ligand was observed. This 
enhancement was less than that observed with the 
mAbs 17b and 48d, which are often described as 
binding to a "CD4-induced " epitope (Thali et ah, 
1993). Mapping on gpl20 mutants shows no evi- 
dence for the involvement of N-terminal residues 
in binding of the mAbs 17b or 48d. 

Refocussed selection was also achieved using an 
anti-CD4bd mAb to capture gpl20. The selected 
antibodies included several CI region reactive Fabs 
as described above (p7 group of Fabs) but also 
another related epitope recognized by Fab L81 
which involved residues from the N terminus (CI 
region) but also residues from the C terminus (C5 
region). A specificity for C5 was indicated by mu- 
tant binding analysis and competition with a mur- 
ine mAb to the extreme C terminus. These results 
provide further evidence for the proximity of the 
CI and C5 regions (Moore et aL, 1994b). Selection 
against CD4bd mAb-captured gpl20 also yielded 
Fabs specific for the V2 loop and Fabs against a 
novel epitope which we have described as 
CD4bd/V2 loop-sensitive (Ditzel et ah, 1995). This 
epitope is not accessed by CD4-captured gpl20 
since it appears that the epitope is occluded on 
CD4 binding. Anti-CD4bd antibodies, in contrast, 



Table 1. Kinetic constants and affinity constants for the binding of selected Fabs 
to gp!20 measured by surface plasmon resonance 



Fab 




Us" 1 ) 




K d (M) 


bl2 


1.1 x 10 5 


5.2 x 10" 4 


2.1 x 10 8 


4.7 x 10" 9 


L17 


1.9 x 10 4 


1.9 x 10" 4 


1.0 x 10 8 


1.0 x 10" 8 


L15 


1.1 x 10 4 


3.9 x 1CT 4 


2.8 x 10 7 


3.5 x 10" 8 


L19 


1.3 x 10 5 


3.6 x 10" 5 


3.6 x 10 9 


2.8 x lO" 10 


L69 


5.5 x 10 4 


5.1 x 10" 4 


1.0 x 10 8 


1.0 x 10" 8 


P7 


1.5 x 10 5 


1.0 x 10" 4 


1.5 x 10 9 


6.8 x lO" 10 


DO142-10 


1.6 x 10 4 


1.8 x 10" 4 


8.9 x 10 7 


1.1 x 10" 8 


Loop 2 


1.2 x 10 4 


2.3 x lCT 5 


5.2 x 10 8 


1.9 x lO" 9 



Kinetic constants were measured with gpl20 LAI for Fabs bl2, L17, L15, and L69; with 
gpl20 MN for Fabs DO142-10 and loop 2; and with a gpl40 LAI oligomer for Fabs L19 and 
p7. The equilibrium association and dissociation constants were calculated from the experi- 
mentally determined kinetic constants with K a = k OTL /k o{{ and K d = k of{ /k ori . 
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enhance expression of this epitope. The obser- 
vation that conformational changes occur upon 
antigen-ligand interaction, which may not be mi- 
micked by antibodies to the ligand binding site, 
may be a feature of other antigen systems and 
should be borne in mind when developing selec- 
tion strategies for phage-display libraries. 

The strategy of refocussed selection was further 
extended by masking the gpl20 N terminus on the 
anti-CD4bd-cap hired gpl20 by one of the CI re- 
gion reactive Fabs. This resulted in the selection of 
a Fab which recognizes a novel conformational epi- 
tope involving the CI and C2 regions. 

In only one instance did we select antibodies 
against the V3 loop by selection against gpl20. 
This is despite the original designation of the V3 
loop as the "principal neutralizing domain " of 
gpl20. Several factors likely contribute to this pau- 
city. First the human response to V3 during natural 
infection is probably less than that of mice immu- 
nized with recombinant gpl20. Second we selected 
with gpl20 of a single strain (mostly LAI) which 
almost certainly differed, particularly in V3, from 
the eliciting strain in the donor at the time of mar- 
row collection for library construction. Third, be- 
cause of variability the antibodies against V3 may 
be of lower affinity against "consensus " sequences 
than antibodies against conserved regions such as 
the CD4bd. Phage selection strongly favors clones 
of higher affinity (Barbas et ah, 1991) and so 
weakly cross-reactive anti-V3 clones may be lost 
during selection. The use of peptides can be useful 
in selecting antibodies reactive with largely con- 
tinuous epitopes, as shown by the retrieval of two 
anti-V3 loop antibodies using V3 peptides. 

The overwhelming majority of antibodies se- 
lected in this study showed poor or no neutraliz- 
ation of even T-cell line adapted strains of HIV-1 
(primary isolates would probably be yet more diffi- 
cult to neutralize (Burton et ah, 1994; Moore et ah, 
1995)). Poor neutralization correlates with low reac- 
tivity with native multimeric gpl20 on cell surfaces 
(Roben et ah, 1994; Sattentau & Moore, 1995), an ex- 
treme example being C1/C5 epitope antibodies 
which show no reactivity with cell surface envelope 
(Sattentau & Moore, 1995). However, the affinities 
of these antibodies for recombinant monomeric 
gpl20 are shown by surface plasmon resonance stu- 
dies to be high, suggesting they do result from anti- 
gen-driven processes. We suggest that this antigen 
is viral debris e.g. gpl60 or shed gpl20 generated 
during rapid viral turn-over (Ho et ah, 1995; Wei 
et ah, 1995) and not native virions. The antibody re- 
sponse to native virions may in fact be very limited. 

Materials and Methods 

Library construction and phage selection 

Preparation of RNA from bone marrow lymphocytes 
and subsequent construction of IgGl k/X Fab libraries 
using the pComb3 M13 surface display system has been 
described (Barbas et ah, 1991; Burton et ah, 1991; Persson 



et at., 1991). For antibody selection, phage libraries gener- 
ated from eight different HIV-1 seropositive donors were 
panned separately for the initial round and, after this, 
pooled together and panned additional rounds. The 
eight asymptomatic HIV-1 seropositive donors from 
whom bone marrow was aspirated for library construc- 
tion have been described elsewhere (Ditzel et ah, 1994). 
Panning of the combinatorial libraries was carried out as 
described, with slight modifications (Burton et ah, 1991; 
Ditzel et ah, 1995). Baculovirus-expressed recombinant 
gpl20, LAI strain (gpl20 BRU, Intracel, Cambridge, MA) 
(0.1 jig/well) in PBS (phosphate-buffered saline (pH 7.4)) 
was captured by recombinant soluble CD4 (AIDS Re- 
search and Reference Reagent Program, Division of 
AIDS, NIH) (5 |ig/ml) or a mouse anti-gpl20 CD4bd 
mAb (mAb L72, kindly provided by Dr Hariharam, 
IDEC Pharmaceuticals Corporation, La Jolla, CA (Kang 
et ah, 1994)). In other panning experiments the following 
peptides or peptide-protein complexes were coated di- 
rectly on ELISA wells: (1) a linear peptide corresponding 
to 24 residues of the HIV-1 MN V3 loop (RP142) (Repli- 
gen, Cambridge, MA) coupled to ovalbumin by 1-ethyl- 
3-(3-dimethylaminopropyl) carbodiimide hydrochloride 
(EDC) conjugation (Pierce); (2) a linear peptide corre- 
sponding to 24 residues of the HIV-1 LAI V3 loop 
(RP135) (Repligen) coupled to ovalbumin; (3) a cyclic 
peptide N = CH-(CH2)3CO[SISGPGRAFYTG]NH2CO- 
Cys-NH2 corresponding to the central most conserved 
part of the clade B V3 loop coupled to BSA; (4) a linear 
peptide corresponding to a "consensus " clade B V3 
loop ("principal neutralizing domain " (PND) peptide); 
(5) four linear 26 amino acid residue peptides corre- 
sponding to the sequences of the VI loop of gpl20 from 
HIV-1 LAI and three HIV-1 primary isolates: case B, RA 
and VS (kindly provided by Seth Pincus). 

ELISA analysis 

The human Fabs were purified from bacterial super- 
natants by column affinity chromatography using im- 
mobilized chicken anti-human Fab fragment. To assess 
specificity, supernatants were screened against gpl20 
and a panel of control antigens, which included BSA, 
ovalbumin, and the Fc fragment of human IgG (Sigma, 
St Louis, MO) by ELISA. Coating of ELISA wells was 
carried out as described (Ditzel et ah, 1995). Fabs were 
incubated with test antigen for two hours at 37°C, fol- 
lowed by washing ten times with PBS, 0.05% (v/v) 
Tween. Detection of bound Fabs was carried out with 
alkaline phosphatase (AP)-labeled goat anti-human IgG 
F(ab') 2 (Pierce, Rockford, IL) diluted 1:500 in PBS and de- 
veloped with nitrophenol substrate (Sigma). Absorbance 
was read at 405 nm. To investigate if the epitopes recog- 
nized by the Fab fragments were conformational, gpl20 
was denatured and reduced by boiling for five minutes 
in PBS containing 1% (w/v) sodium dodecyl sulfate 
(SDS) and 50 mM dithiothreitol (DTT) before ten-fold di- 
lution into PBS containing 1% (v/v) NP40 to the concen- 
tration used (0.1 (xg/well) (Moore & Ho, 1993). Native or 
denatured gpl20 was then captured on a solid phase via 
the carboxy terminus using sheep polyclonal antibody 
D7324 (Aalto Bioreagents, Dublin, Ireland). A murine 
mAb IIIB-V3-13 (Laman et ah, 1992), which has been 
shown to react almost as well with denatured gpl20 as 
with the native molecule, was used as a positive control. 
Binding of Fab DO142-10 to gpl20 from a panel of differ- 
ent HIV-1 isolates was assessed by capture of gpl20 
from infected cell lysates as described elsewhere (Trkola 
et ah, 1995). 
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Nucleic acid sequencing 

Nucleic acid sequencing was carried out on a 373A 
automated DNA sequencer (ABI, Foster City, CA) using 
a Taq fluorescent dideoxy terminator cycle sequencing 
kit (ABI). Sequencing primers were as reported (Ditzel 
et al, 1994). The DNA sequences of the Fab heavy chains 
are accessible in Genbank under the following numbers 
(if two are given, the second number refers to the light 
chain sequence): DO142-10: U82961, U82962; L15: 
U82942; L17: U82943; L19: U82944; L25: U82945; L34: 
U82946; L35: U82947; L52: U82948; L59: U82949; L69: 
U82950; L81: U82951; L100: U82952; p7: U82767, U82768; 
p20: U82769, U82770; p35: U82771, U82772; 

CD4 and V1/V2 competition ELISAs 

Recombinant gpl20 was coated overnight at 4°C onto 
ELISA wells and blocked with 3% (w/v) BSA for one 
hour. Soluble CD4 in a tenfold dilution series (10 -12 to 
10 _6 M) or serial dilution of a HXB2d fusion protein 
(kindly provided by Abe Pinter) at a concentration of ap- 
proximately 1 to 10 jig/ml was added together with Fab 
at a fixed concentration, previously determined to give 
75% of maximum binding and incubated for two hours 
at 37°C. Following washing with PBS-Tween, bound 
human Fab was detected with AP-labeled goat-anti- 
human IgG F(ab') 2 and developed as described above. A 
HXB2d V3 fusion protein was used as a control antigen 
for the VI /V2 competition (Kayman et al, 1994) 

Surface plasmon resonance to measure Fab 
binding affinities 

The kinetics of Fab binding to recombinant LAI gpl20 
and a recombinant LAI gpl40 preparation (Earl et al, 
1994) were determined by surface plasmon resonance 
using BIAcore (Parren et al, 1996). Coupling of recombi- 
nant gpl20 and gpl40 to the sensor chip and subsequent 
binding of the Fab fragment to the immobilized antigens 
were performed as described (Binley et al, 1996). The 
association and dissociation rate constants, k on and k oif , 
were determined as described (Karlsson et al, 1991). 
Equilibrium association and dissociation constants were 
deduced from the rate constants. 

Epitope mapping by antibody cross-competition 

Cross-competition experiments were performed be- 
tween recombinant Fab fragments and a panel of murine 
and human mAbs. These included anti-Cl region mAbs: 
M85, M90, and M91 (kindly provided by Fulvia di 
Marco- Veronese) (di Marzo Veronese et al, 1992); anti- 
V2 mAbs: 52-581-SC258 (SC258), 52-684-238 (52-684) 
(Moore et al, 1993a) (kindly provided by Gerry Robey), 
CRA-3 (MRC AIDS Reagent Project, Potters Bar, Herts, 
UK), G3-4, G3-136, and BAT-085 (kindly provided by 
David Ho) (Fung et al, 1992; Ho et al, 1991; Sullivan 
et al, 1993); N-terminal region mAb 212 A (kindly pro- 
vided by Jim Robinson); anti-C4 MAb G3-299 (kindly 
provided by David Ho) (Moore & Sodroski, 1996); and 
anti-V3 loops mAbs IIIB-V3-13 (AIDS Research and Re- 
ference Reagent Program, NIH) (Laman et al, 1992) and 
D47 (kindly provided by Pat Earl) (Earl et al, 1994). 

Coating of gpl20 onto microtiter wells was carried out 
as described (Burton et al, 1991). Competing antibody at 
large excess (a concentration 100 times that giving 75% 
maximum binding in previous titration experiments) 
was incubated with the human Fab for two hours. Fol- 



lowing washing, bound human Fab was detected, as de- 
scribed above. The assay was also reversed so that the 
human Fab was added at large excess (a concentration 
100 times that giving 75% maximum binding in previous 
titration experiments). The murine antibody was de- 
tected with an AP-labeled goat-anti-mouse IgG (Pierce). 
Controls without competing antibody and with irrele- 
vant antibody were included. 

Epitope mapping of Fabs by binding to 
gp120 mutants 

For mapping of the binding site for the human Fabs, 
COS-1 cell expressed wild-type or mutant HIV-1 
(HXBc2) envelope glycoproteins were captured onto 
solid phase using sheep-anti-gpl20 antibody D7324, as 
described elsewhere (Moore et al, 1993a,b). 

Neutralization assays 

The human Fab fragments were assessed for their abil- 
ity to reduce viral infectivity (HIV-1 MN or LAI) by a 
quantitative infectivity assay which enumerates multi- 
nucleate syncytia resulting from the fusion of infected 
CEM-SS cells with adjacent uninfected cells (Nam et al, 
1987), and a microplaque reduction assay using MT-2 
cells as target cells (Hanson et al, 1990). Virus stocks for 
both these assays were produced from chronically in- 
fected H9 cells. Selected Fabs were further tested for 
neutralization of HIV-1 infectivity by an envelope com- 
plementation assay assessing the ability of Fabs to inhibit 
a single round of viral infection (Helseth et al, 1990). 
Viral stocks for this assay were generated by cotransfec- 
tion of COS-1 cells by two plasmids, one expressing en- 
velope glycoprotein, and the other expressing an 
envelope-deleted HIV-1 virus encoding chloramphenicol 
acetyl transferase as a reporter gene for infection of Jur- 
kat cell targets. In all assays, controls without Fab and 
with the well-characterized neutralizing Fab bl2 (Barbas 
et al, 1992; Roben et al, 1994) were run in parallel. 
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Dear Sir: 

This is a Supplemental Amendment to supplement the Interview Summary and 
Amendment and Response under 37 C.F.R. § 1.1 1 1(a)(2) filed April 4, 2007 in the above - 
captioned application. Applicant herein cancels previously withdrawn claim 6 without prejudice 
to facilitate further prosecution of claim 13 in co-pending U.S. Appln. Ser. No. 10/642,587. No 
extensions of time should be required for the instant Supplemental Amendment. However, if the 
Commissioner determines that an extension is required, Applicant hereby petitions for such 
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Docket No: 13793/46702, formerly 09425/46702 
Application No: 09/854,568 
Supplemental Amendment 

Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the application: 
Listing of Claims: 

1 . (Previously presented) A method for killing glioma cancer cells in a subject wherein said 
glioma cancer cells express malignin, said method comprising administering to said 
subject an effective amount of a first dosage of a composition comprising malignin 
wherein said administration of said dosage stimulates the immune system of said subject 
to produce and release antimalignin antibody that binds and kills said glioma cancer cells. 

2. (Previously presented) The method of claim 1 wherein the composition is administered as 
an approximately 1 mg dosage form. 

3. (Original) The method of claim 1 further comprising administering a second dose of the 
composition ten days after administration of the first dosage. 

4. (Original) The method of claim 3 further comprising administering a third dose of the 
composition ten days after administration of the second dosage. 

5-6. (Canceled) 

7. (Withdrawn) A device for removing cancer cells from the body of a subject, said device 
comprising cells having immunological specificity for malignin, recognin L or recognin 
M, wherein said device binds, absorbs or engulfs cancer cells which come into contact 
therewith. 

8. (Withdrawn) The device of claim 7 wherein said device comprises a filter through which 
the cancer cells are passed. 
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9. (Withdrawn) The device of claim 7 wherein the device comprises a surface over which 
the cancer cells are passed. 

10. (Withdrawn) The device of claim 7 wherein the device comprises a resin over which the 
cancer cells are passed. 

1 1 . (Withdrawn) The device of claim 7 wherein the cells are selected from the group 
consisting of T cells, B cells and phagocytes. 

12. (Withdrawn) A process for ascertaining the presence of cells transformed to the 
malignant state in a subject 

(1) obtaining a fluid or tissue specimen from the subject; 

(2) quantifying the amounts of antimalignin antibody and/or immune cells having 
specificity for malignin, recognin L and/or recognin M in the fluid or tissue 
specimen; 

(3) correlating the amounts to the presence of cells transformed to the malignant 
state. 

13. (Withdrawn) An antimalignin antibody having a cytotoxic agent attached thereto. 
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Supplemental Amendment 

REMARKS 

Claims 1 to 4 are pending. Claims 5 and 6 are canceled. Claims 7 to 13 have been 
previously withdrawn in response to a Restriction Requirement. Applicant reserves the right to 
pursue canceled and withdrawn claims in a divisional application. 

In this supplemental amendment, claim 6 has been canceled without prejudice to 
facilitate further prosecution of claim 13 in co-pending U.S. Appln. Ser. No. 10/642,587. 



CONCLUSION 

It is believed that the present claims are in condition for allowance and Applicant 
earnestly requests the same. An early and favorable action on the merits is earnestly solicited. 

The Examiner is invited to contact the undersigned attorney if necessary to expedite 
allowance. 

The Commissioner is authorized to charged any fees or overpayments associated with 
this application to Kenyon & Kenyon LLP Deposit Account No. 11-0600. 
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